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OF A TEST PILOT” 


Find out what it takes to make 
sure helicopters are fit to fly 
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“NASA's goal is to get humans 


there by the 2030s. The dream of 


going to Mars Is very much alive...” 


Race to Mars, page 12 





Charlie 


Production 
Editor 
We have all seen 
what happened in 
Terminator, so 
should we be 
worried about the 
development of 
war robots? Find 
out in this month’s 
tech feature on 
page 62. 


Dave 
Editor-in-Chief 
As we’re always 
trying to hit 
deadline and 
working against 
the clock, | was 
really interested to 
read about the 
history of 
time-measuring 
devices over on 
page 7/6. 
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Jack 
Senior 
Staff Writer 
Turn to page 80 to 
discover how the 
British people 
stood firm against 
the terror of the 
Blitz that 
bombarded the 
nation for nine 
months during 
WWI. 


Meet the team... 





James 
Research Editor 
Did you know that 

you can watcha 
high-definition live 

stream of Earth 

from the 
International Space 
Station? Follow the 
link on page 22 and 
witness our 

planet’s incredible 
beauty from orbit. 


Duncan 
Senior 
Art Editor 
Get your butts to 
Mars! Will we 
really see the 
human race set 
foot on the Red 
Planet and 
successfully 
colonise another 
world? Find out on 
page 12. 





Laurie 
Assistant 
Designer 

We delve deep 
underground in 
this month’s issue 
to discover the 
hidden world of 
caves. Take a look 
for yourself at 
these amazing 
natural wonders 
on page 24. 


FOLLOW US... @ How It Works magazine ©@@HowltWorksmag 





— — On 20 July 1969, the world 
os. | watched in awe as Neil 
| t= Armstrong made that giant 

a” leap for humankind. That 

| x historic moment was the 
nm pinnacle of the Space Race, 

with competition between the US and the USSR 
fuelling the technological advancements and 
ambition required to send humans to the Moon. 

Arguably, this shining example of human 
endeavour has not been repeated since. Our 
technology has advanced to the point where we 
can send rovers and probes out into the unknown 
of space and explore on our behalf, but thatisall 
about to change. 

Anewspace race is underway, with 
government agencies and private companies 
alike working towards the shared goal of getting 
humans to Mars. 

Perhaps one day in the near future, we will get 
the chance to watch somebody take one small 
step on to the surface of the Red Planet, as 
humanity makes that next great leap forwards. 


2) OVir Jackie Snowden 
Deputy Editor 
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12 Race to Mars 


How the 21st century space race 


will take us to the Red Planet 
Air launches 


HD Earth Viewing 
experiment 


How astronauts sleep 
23 Planet types 


ry 


Caves of the world 
Find out how these incredible 


caverns and tunnels were carved 


by nature 
Animal pupils 


Why all world maps 
are wrong 


Tree sap 
34. What is wind chill? 


Mountain goats 


The science of stress 
How does this primal emotion 
affect your mind and body? 


Boomerang physics 
Sun damage 
Microbeads 


60 Second Science: 
Photosynthesis 


46 Carbohydrates 
How glowsticks work 
+8 Why glitter sticks 


Meet the experts... 
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Ella Carter 


Ever wondered why 
our eyes have circular 
pupils, but other 
animals sport slits, 
crescents, or even 
wavy w-shapes? Ella has the 
answers! She also investigates how 
waste is used to generate energy. 
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our brains. She also explains how 
plants use sunlight to produce food 
in this month’s 60 Second Science. 
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50 Hovercraft 
How these vehicles cross land 
and water on a cushion of air 


54 Tesla Supercharger 
stations 


54 Origami kayaks 
Salvaging a shipwreck 


Day in the life of a 
helicopter test pilot 


The Army’s AJAX vehicle 
Road rollers 


War robots 
How technology will transform 
wartare and help save lives 


Waste-to-energy plants 

Auto-tune tech 

Artificial turf 

Heroes of...James Dyson 
74. Digital pens 

DAB vs FM radio 


Amazon Alexa 


a 


History of time 
Timekeeping through the ages 


80. The Blitz 
82 Music boxes 


The incredible case of 
Phineas Gage 


Jo Stass 

Jo dusts off her 
spelunking gear and 
goes on a tour of some 
of the world’s biggest, 
deepest and most 
impressive cave systems. She also 
explains why all world maps are 
wrong on page 32. 


Laura Mears 
In our science feature, 
Laura explains the 
biology of stress, what 
it is and how it affects 
our bodies as much as 





Jonny 
O’Callaghan 
This month, Jonny 
investigates how 
different agencies and 
4 private companies are 
hoping to get us to Mars in the next 
few decades. Will we have Martian 
colonies by the 2030s? Time will tell! 








Sarah Bankes 
Editor of Photoshop 
Creative, Sarah is a 
regular contributor to 
our Brain dump 
section. In this issue, 
she also investigates the science of 
wind chill and explains why glitter 
sticks to everything. 
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SUBSCRIBE 
“se NOW! 


Global eye 
Amazing science and tech stories 
from around the world 


Brain dump 
The place where we answer your 
most curious questions 


Book reviews 
Check out the latest releases for 
inquisitive minds 


How to... 
Build a barometer and make your 
own air fresheners 


Letters 
Our readers have their say on all 
things science and tech 


Fast facts 
Amazing trivia that will blow 
your mind 


THE 215T_CENTURY iA» 
HOPACE RACE WILL 
US TO THE ae, 
RED PLANET 
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GLOBAL EYE 


Showcasing the incredible world we live in 













return to s 
the ISS 


The British astronaut will once again 
be heading into low-Earth orbit for 
another out-of-this-world mission 

The British and EuropeanSpace <~ , 
ht Agency (ESA) astronaut Tim Peake will ~~ 

be boarding the International Space 
Station (ISS) fora second time. Ina surprise 











announcement made at the Science Museum, D¢ 
London, Peake declared that he would be a 
returning to the ISS, probably at some point ~~ i 
between 2019 and 2024, but itis yet to be % 


confirmed what his new mission will be. 

The Chichester-born astronaut lived on the ISS 
for six months, working up to14 hours aday on 
the Principia mission. Peake became the seventh 
British-born person to go into space and the first 
to complete a spacewalk. In addition to carrying & 
out over 250 science experiments during his time ~ 
in space, Peake also ran the London marathon on’ 
a treadmill and tested anew augmente hiays 
system by playing virtual Space Invaders. 

Peake is said to be ecstatic at the prospect of 
returning to the ISS. He said that the view of 
Earth from space is what he’s missed most and 
also voiced his enthusiasm for one Cgeaaeting 
foot on the Moon. Peakemadethe = 
announcement while talking at a new display of (* 
the Soyuz TMA-19M, the spacecraft that brought 
him safely back to Earth in June 2016 with his fa 
colleagues, Russian cosmonaut Yuri 
IWWEEV(=y aed olsyol cop Dato@aventsvalecbek-liuqe)erclelt 
Tim Kopra. 

















Tim Peake 
landed back on : ae 
Earth in ve a, 7 
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Some of the flight unis that 
Peake used onboard the ISS ~ 
were designed by school _ 
children in a competition 
run by Raspberry Pi * 
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GECBAL EYE 


DIRECTED ENERGY LASERS 


COULD REVOLUTIONISE 
FUTURE BATTLEFIELDS 


BAE Systems’ concept will help military commanders 
observe enemy positions over huge distances 


Surveillance is one of the most 
important aspects of warfare. Gaining 
information on an enemyis avital 
advantage in a military campaign. A new concept 
unveiled by BAE Systems, known as the Laser 
Developed Atmospheric Lens (LDAL), exploits the 
Earth’s atmosphere to produce advanced 
surveillance and defence solutions. 

JA DYAN PaVoya Keone lbCem con elec tmeslelsje)elayaeks 
reflectiveness and the phenomena of mirages. A 
layer of the atmosphere called the ionosphere is 
naturally reflective to certain wavelengths. For 
example, radio broadcasts can be sent over vast 





Ai arewc=Yoi alate) cole hVan w|i melsrom allelamexe\uicla 
lasers to create temporary lenses in 
Earth’s atmosphere 


distances because radio waves can be ‘bounced 
off’ the ionosphere. 

Mirages are created when differences in air 
temperature bend (refract) light to give the 
illusion of objects that are not there. This is 
typically seen in deserts when the hot air near 
the sand refracts light from the sky, creating an 
image of the sky coming from the sand, 
appearing like a distant pool of water. 

Using these principles, LDAL aims to 
temporarily change part of the ionosphere into a 
lens that can be used to magnify electromagnetic 
signals like visible light and radio transmissions 








to a receiver. The lens is created by highly 
powered pulsed lasers emitted from an aircraft, 
AVA ob Co) ow Loy abKsyone) wa lerclm-Mc(c(en(0)ame)mualce-lmsslescye)elcyac 
to change its optical properties, magnifying or 
redirecting distant signals. 

As well as observing enemy movements and 
plans from much further away than ever before, 
the technology is also planned to produce a type 
of deflector shield to protect the aircraft from 
enemy laser countermeasures. LDAL is predicted 
to be integrated within the next 50 years and 
could prove to bea major turning point in 
warfare around the world. 





Over half 
of primate 
species face | 
extinction 


Many of our primate cousins 
could soon be wiped out 
Acomprehensive study has 

, ) warned that 300 species of 
“é primate are in danger of 
extinction. Deforestation is happening 
at an unsustainable rate due to the 
demand for timber and tree oils. Many 
primates are also being killed by 









Amount spent for Valentine’s 
Day in the US in 2016 





The estimated combined 
mass of all living humans 





The time it takes NASA's poachers, hunted for their meat, or 
PO bere sete! Saeelittc te illegally traded. Between 1990 and 

provide full-disk images of isi . 
the Earth 2.010, it is estimated that 1.5 million 


square kilometres (equivalent to over 
two times the size of France) of primate 
habitat were lost. Two thirds of 
primates now live in only four 


The age of Saccorhytus countries (Brazil, Madagascar, Gorillas, chimpanzees, lemurs and 
coronarius, believed to be our lorises are all in danger of extinction 


Indonesia and DR Congo) and ideas are 
oldest known ancestor 60) elated] a-WellasteleNalamelsvelllare 


being put forward to save them. 


The power that is The Go for Gold 
fe) golelU [ex=\e Mor- alu ol-Muls{-\e| Campaign is 
Taalaatexelt-lacihae) arsine) acre now advising 

to charge your people to only 
Joatelane)ave)aromyvatciamaars lightly brown 
battery is low their potatoes 
and toast 
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‘e cance 
New gadget lets a 
g es New research shows that overcooked 
you charge devices food could bea health risk 
wit , O u I b oO ra Arecent study has warned against burning or 
y y overcooking carbohydrate-rich foods. Foodstuffs 
like potatoes, crisps and toast can contain 
acrylamide when overcooked as amino acids combine 
Thanks to a new gadget, soon increasing its speed up to 5,ooorpm. with sugar during heating. It’s recommended that 195 
you'll be able to charge your Taking between 40 minutes and an hour micrograms of this chemical compound is the most a 
smartphone on the go by using to fully charge, the device generates person should have as part ofa daily intake. Fortunately a 
some energy of your own. The clean, renewable energy that is ideal for slice of burnt toast contains about 4.8 micrograms, so the 
HandEnergy isa hand-held devicewitha commuters and travellers who are away cancer risk is believed to be minimal. The research itself 
built-in gyroscope that utilises hand from power sockets for long periods. Due is based on animal rather than human studies, but as 


movement to generate electricity. Asyour forreleasein March 2017, it might make scientists continue to investigate the effects of acrylamide 
hand rotates, the built-in rotor turns, flat batteries a thing of the past. consumption, it can’t hurt to reduce your intake. 


Px 
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The power to charge your gadgets is in your hands with HandEnergy 


© BAE Systems; Hand Energy; Thinkstock 
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Wolf-sized otters roamed 
prehistoric China 


The remains of an extinct otter recently discovered in 
southwest China indicate that these creatures were 
bigger and heavier than giant river otters, the largest 
species alive today. Fossil fragments were digitally 
reconstructed and analysed using CT scans, and results 
indicate that these creatures were two metres long and 
weighed up to 50 kilograms. They lived in warm, humid 
wetlands and likely feasted on molluscs and clams, using 
their strong jaws to crush shells. 


Sound waves could stop 
tsunamis in their tracks 


Before they hit the shore, tsunamis could be dispersed by powerful 
sound waves. Naturally occurring acoustic-gravity waves (AGWs) 
are created during geological events like earthquakes. In theory, 
AGWs could be fired at waves to lessen their height, momentum 
and power. Creating an AGW transmitter will be difficult though, 
and using such a defensive measure could be dangerous. 
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Artificial 
intelligence 
can predict 
heart failure 


New technology can help recognise 
when an organ is about to fail. Using 
MRI scans and blood test results, the 
software accurately predicted if 
heart failure would occur within one 
year around 80 per cent of the time. 
Beats were measured using 
advanced image processing and then 
linked to past patient data. The 
software is being used specifically 
for pulmonary hypertension, which is 
currently considered incurable. 


3D bioprinters 
can produce 
human skin 


Anew 3D printing procedure can 
replicate all the layers of the skin’s 
natural structure. This new process will 
accurately recreate the skin’s elasticity 
and strength and could be used for 
skin grafts to treat burns as well as 
testing new cosmetics and medicines. 
It’s only in the prototype stage, but if 
successful, 3D bioprinters could create 
more organs in the future. 
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Why dogs respond 
to ‘puppy talk’ 


In arecent study, dogs and puppies were 
played recordings of phrases like ‘who's a 
good boy?’, first in a high pitched tone 
and then in a normal voice. Puppies 
responded more positively to the higher 
pitched recordings, but it made no 
difference to the adult dogs. Scientists 
believe that slow and high-pitched speech 
is the natural human way of talking to 
nonspeakers like pets and is done to 
encourage interaction and engagement. 


al J 
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Eating spicy food 
could help you to 
live longer 


A new report has found that spicy chilli 
peppers could have a beneficial impact 
on health. Chillies contain capsaicin, 
which may help prevent obesity while 
also regulating blood flow in arteries. It is 
also believed to possess antimicrobial 
properties, which can alter the microbes 
found in the gut. 





A nearby 
exoplanet may 
have an Earth-like 
atmosphere 


Although different in size, GJ 1132 b could 
be one of the most Earth-like exoplanets 
found so far. 39 light years away, the 
planet is almost 50 per cent larger in 
diameter than Earth, but could host a 
thick atmosphere that astronomers 
believe could contain water and methane. 
The discovery is another step towards 
understanding the possibly life- 
harbouring atmospheres of exoplanets. 
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Earth’s last major warm goat 

- ae 

phase was as hot as today =——~ 
New research has found that 125,000 years ago, the eet oe 
temperature of Earth’s ocean surfaces was similar to today. 
The difference was that sea levels were up to nine metres 


higher than they are currently. Scientists are using the 
findings to help predict future climate change. 





Boeing have designed 
new spacesuits 


Astronauts on board Boeing’s CST-100 Starliner 
spacecraft will be donning new threads. The modern 
spacesuit will be lighter and more flexible than the 
Space Shuttle-era suits, and will have better 
temperature and pressure management systems. The 
gloves will be touchscreen-sensitive and both the 
helmet and the visor will be built into the suit rather 
than being separate as before. 





Being bored can make 
you more creative 


No one likes being bored, but it could be more useful than 
we think. A test on 40 people found that those who 
completed the mundane task of copying telephone 
numbers, before participating in a creative task of 
suggesting new uses for polystyrene cups, achieved better 
results. This suggests that being bored makes the brain 
eager for more engaging and rewarding activities. 
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a MARTIAN 
COLONIES 


umanity Jat-toploveteobaccbonlmeyact-velenbets 

hurhans to Mars, but it’s often felt like 

something perennially beyond our 

.e reach. However, it might'very well becomea 
_realityin the near future, thanks to the work of a 
“select few visionaries. 

When the Apollo missions to the Moon ended 
in 1972, many felt that Mars was the next step. 
But instead the decision was made to develop 
the Space Shuttle and, later, the International 
Space Station (ISS),,and remain in the Earth’s 
orbit. Manned missions to Mars were shelved. 


012 | How It Works 


TRECORD- I 
BREAKING » 
ROCKETS 


inal on the agenda. Helped by recent » 
discoveries that suggest. it was once eveleyircle) ten 
there’sa renews clamour to get" people there 
ebalopmcbestepers other reasons, find out ifwe are 


alone in our Solar System, let alone the universe. 


However, progress has been slow. NASA has 
tried and failed to start a Mars programme 
before called Constellation, but this was 
scrapped in 2009 in favour of a new plan. Now, 
NASA's goal is to get humans there by the 2030s. 
And the last few years has seen a number of 





puS . private sires springing 104) with thesame 
‘i ambitions i 


* Mars One, asomewhat ererly ambitious pp vigelel 
EVarel Swiss company, hopes to turn the event into- 
a reality SAVES oloyiiacUldatevoredemaetanrmarcniewerteloleubluala 
progress. On the other hand, you have SpaceX 
CEO Elon Musk, who in September 2016 revealed 
a bold- and some might say crazy — plan to send 
1 million people to Mars over the next 100 years. 

The dream of going to Mars is very much alive. 
As you'll see through this feature, it might not be 
long before we start wondering what’s next. 
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Since NASA’s Apollo 17 mission went to the Moon in 1972, no humans have travelled beyond low-éarth orbit 


















The competitors ey ke ~ . The key steps 
a peers ~—si«éato Maar... 
oe ‘- a wy: SS Lo The journey to the Red Piaget 


It’s estimated that it will SENN ee SNe eee an E Meas ' : _ 8 
cost NASA over $100 billion’ ar PRY 2" aa ae September 2016 i, 
to send people to Mars o ihe j panil: ae J 
Musk’s masterplan*. 

* SpaceX CEO Elon Musk reveals his plan 
_to send 1 million people to Mags within | 
100 years usfig the ITS. 









Autumn 2018 -~~ 








7h - 0 *, Space Launch System. ~£ aan ae 
dies Py ~ NASA will launch its huge new. 
The world’s most successful space agency has long had ; i . rocket, the Space Lau ae Sagan 
its eye on manned missions to Mars, going back to the | | DY=Tox=) nn] 0l=) m4 0) Fane i for the first time. This willbe an * : 


days of the Apollo missions. But progress has been slow, 
with the plan now to send humans there in the 2030s. 
Much will rely on continued support for the development 
of a new spacecraft and rocket being built by NASA. 


UTalaatelalarcvemaalissilelar 





ae Unmanned Orion a : 
On December 2014, NASA:‘launchectits:, * 
: Orion vehicle for the first time, ona Delta. 




























necessarily. on the peteibnet itself. 


. I as 
’ IV Heavy rocket. The unmannéd Lilfe|aie Frows. oa yleyal i " 
y, bgp Ls, Eelsineve| about four hours. B ‘NASA . 
SpaceX was foundedin a ion ae : . 
2002 to revolutionise 9 ; i aS 024 --" ~~ * Orion crew . - >. 
space travel = , i This is thé earliest expected date for 
cr | eanee NASA to launch a crew on its Orion ‘ 
om : 7 a First SpaceX vehicle for the first time,.an integral 
. mission — ‘ part of a future Mars mission. 
“ In 2024, SpaceX is . s 
- hoping to launch its first j é | 
t M manned mission to . % - 2026 : 
Mars on the ITS, after a a aie 5 
0 OTS. co, number olmelalaat-lalal-ze! “4 ) ‘NASA’ ; 
4 is Ver U _ test flights before. ARM 
1 o> oe : eg —~—-sC NASA plans to launch its id Redirect 
much | Cae GS |) Se : Mission (ARM), where a os the Orion 5 
P iy : 2026 ; vehicle will rendezvous with arfasteroid 
a | | VC haa ; that has moved into lunar orbit. Se (ae 
The company run by Elon Musk has a rather ambitious a mi « . g 
goal of beginning manned flights to Mars by 2024 or : | Next SpaceX ae 2030+ . 5 
has mission uf oe oar 
2026. The company wants to build a mammoth rocket by ‘ ‘NASA. a 4 
that can take 100 people to Mars on each trip, with the - 2031 3 2 ae Wes lauinoh es ( 2 os vo 8. 
ultimate aim of having 1 million people on Mars just a : MARS ONE successfulpSpaceX plans 7 yy * ane Phobos = 
century after the first launch. is ; ae. hs y  MOLROTE human iste oo “* At some peint in the 2030s, NASA = 
. One-way: to Mars in every available ._ * is aiming to put humans inorbit 5 ® 
ai. Thisis the proposede ° launch window - every TaelUl atom \ViF-lastm eXex31] ©) \Vaelarellare Rela! = = 
launch date for Mars One’s) 26,months. its moon Phobos, but not ss ; . 
a 
© 


(O)¥/=1 ar O10] 0 0-10) 0) [==] 9) ©) |(=Xem Ke) amt] acm O) al a first crewed mission Lora | ° 
proposed one-way trips to the Red Planet * Mars, but it looks unlikely 
-_ they'll achieve this goal at 


_the ee 


_= e@ e 


- © 
= e e 
-_" ? 


® a a 
S > , —e 


ae = 
SpaceX hopes to beat _ 
NASA to Mars | 











MARS ONE ee 
This Dutch-led company gained notoriety when it a lUlaarslacme)e mit] 3 
proposed sending people on one-way trips to Mars in the By the end of the 2030s, NASA 
2030s funded by a reality TV show. The early hype has ake) el=om KOM il at=]|hva oleiem of=\e) 0) (-Me)amaars) 
died though, and the company looks unlikely to succeed, surface of Mars. It’s a lot later 
but it’s another example of the growing plans to put id ate] als) ey-[ex=), cm ©) f- amu elUlm im anl(e| ave 
people on the Red Planet. be amore realistic time scale. 
WWW.HOWITWORKSDAILY.COM How It Works | 013 











Why Mars? 


Our galactic neighbour has always fascinated us 


JE Natcum ent hyaeyaleom et: hi(omel-lo mere) sleenaleyatsmmersimeeleilel 
support life, and it may still do today. We have 
sent many rovers and orbiters to Mars, but none 
can replicate the skills and versatility ofa 
Jalbbant-Doem imcmeyancveuct-O(ommerclmolebect-betcneyemmels 
ground could replicate everything the rovers 
have done ina decade ina matter of days. And if 
Mars does host life, isn’t finding out we’re not 
alone one of the greatest reasons of all to go? 
The technologies required to send people to 
Mars will be immense. It will almost certainly 


It’s a question almost as old as the ambition of 
going there in the first place: what’s the point in 
going to Mars? Well, there are a few reasons. 

First and foremost, it satisfies our human 
desire to explore. Around the world, humans 
have always pushed beyond their boundaries. 
Now, the next logical step is space, and with the 
Moon already being graced by us, Mars is the 
obvious (and easiest) next step. 

Mars also holds tremendous scientific value. 
Excitingly, it is now believed that the Red 





ole Wed (olor-UmoNeKel-var-Neuercomitsiaemest-benvmereli-velert| 
spinoffs into the fields of medicine, psychology, 
engineering and many more. Perhaps most 
importantly of all, though, going to Mars could 
ensure our survival. 

One day, Earth will face a doomsday scenario 
such as an asteroid impact, or failing that, the . 
eventual death of our Sun. Perhaps the only 
way to secure the future of the human race will 
be to permanently colonise another world. 
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The Red - | ns Polar ice 


Planet 


What makes the fourth © 
planet of our Solar 
System so intriguing? 


Subsurface water 
Between the equator and 
its poles, Mars is thought 
Kon at-)VicWr- Ml f-]ge[ow-lanelelal mei 
ice under its surface, 

roxeva ar] eksm ave) ieliale mantel a= 
water in total than Lake 
Superior in North America. 








Habitable 

Today, the surface of Mars 
is mostly dry. But 
throughout its history, it: 
Inar-hVmale\Viome (aloe talcelecel al 
faal0}iu] (om el=\a (ele (ome) i 
wetness, with a thicker - 
atmosphere more 

eorolale (Ole \Vomnen lice 





Atmosphere 

The atmosphere of Mars has 

today mostly been blown away by ~ 
the Sun. But it may have been. 
'aglU(ovalnual(o1<-lar-]ole)0) mm 6) | 1(@)am{-r-] am 
ago, before Mars lost its magnetic 
field for unknown reasons. - 


014 | How It Works 





Mars has vast amounts of frozen 

Vee 1K) ae] ale Mere] q ele)ame|(e).4(e(-ela mies) 

surface, particularly at its poles. The 
northern cap spans 1,l100km, while — 

the southern cap spans 400km. 


Ocean 

Recent research 
suggests that the 

IN Koyadatslaamm(slaalisie)arclacmeyi 
Mars may once have held 
more water than the 

JAN Koad ( om @lox=¥-] am mAVA(0(=)n(eXo Oli 
Felatol(=\aimeciale)aciilarsscwcial | 
exists on Mars. 


DL SS ee Surface water 


In September 2015, NASA 
revealed that liquid water 
may have been found to 
have flown on the surface 
of Mars, in the form of tiny 
lug (errd(sssmor-]I(a\emacciell | aalate| 
Slope Lineae (RSL), but this 
has not been confirmed. 


Mars One stirred up a 
debate about the idea of 
one-way missions to Mars 










DID YOU KNOW? Three countries have launched manned missions to space on their own: the United States, Russia and China 








The next space race 


How the effort to go to Mars compares with 


putting humans on the Moon 


President John F Kennedy’s speech at Rice 
University in 1962 lives long in the memory. “We 
(ol aLolosstom ron Xon cone elm Cele)embemmevicne(=rer-lolor-belomele 
the other things, not because they are easy, but 
because they are hard,” he famously said. By 
1969, that goal had been achieved. 

MNiVfem otc ht(svemmeLOehcemycumet-Kommelcucr-beel= 
momentum with our Mars efforts, but we are 
making progress. The Apollo programme was 
supported by the Mercury and Gemini 
missions, which were tentative steps designed | 
to see how humans coped with prolonged 


Moon 
vs Mars’ 


Coy me (cima (ale muoM\Vt-le-Mella c=) game 
licelagmeie)iacemeomant= iV (ele) ay 


‘, 





Moon launch 

Missions to the Moon can take place 
at any time, as the distance between 
it and Earth doesn’t change much. 


Mars journey 

The journey to Mars will take at 
least six months, although Elon 
Musk thinks SpaceX can get this 
down to 30 days eventually. 





Moon distance 
The Moon is an average “ * . 
of 385,000km from 
Earth, a stone’s throw 
compared to Mars. 


Mars distance 
Depending on both planets’ 
positions in their respective 
orbits, Mars can be anywhere 





spaceflight. In the modern era, the best 
analogue is the ISS. We've been using the ISS to 
test out long-term spaceflight of a similar length 
needed fora trip to Mars for more than a decade 
and a half. It’s also been a great testing ground 
for a self-sustaining crew in space. 

Prior to humans landing on the Moon, we 
needed to test various technologies. This 
bated Late Leto lcayatebbetem suvvest-belcKeyee-MKeWsimeyaeyut 
around the Moon, &hd practising various 


rendezvous techniques in Earth’s orbit. For the 


Mars missions, NASA is planning something 









Moon journey 
The journey to the 
Moon took about three 
days in each direction 
for the Apollo missions. 


Mars launch 

Missions to Mars would feasibly 
only be able to launch every 26 
months, when the two planets 
are at their closest point. 


: we §6between 400mn km and . i 
; 55mn km away from Earth. 3 2 
HOWLTWORKSDAILY.COM is ; 
. ** . ‘ *, a 


‘Oxoyanlel=)diale)amel=iai(s\=)amaa(om Obs w-| elem dal=Mote)a(=1 a Ol aire) al 
helped get humans to the Moon 





similar. It’s hoping to use its Asteroid Redirect 
Mission (ARM) to practice using its Orion 

vehicle in deep space, before a potential 
mission to Mars’ orbit in the early2030s- ; 
perhaps with a,crew fanding on the Martian | 
moonPhobos. 


“Cooperation’‘ise , 
gaing to be«Key” 


Team effort 


MSM UT AVI C=) Nace) aremexe)any ey-]a\vare) mar-le(ela Muu msiclare 
nlelaate]assmkem \V,t-] aoir-] (0) al=¥m Oxele) o\-1¢-] (eam mele) |aremne) 
be key, and we’re already seeing the first signs. 

NASA has been busy enlisting private 
oxo) an) ey-lal(=ssm kom al=)|OM/14nmdal-mexe) alc] age (can(e)ame) mies 
Mars architecture. American aerospace giant Fis 
Motor dale\=leM\Vit-la tia micm ole licellavemuat-mexo)anlaat-lare, 

Iaateyel0] (oW re) anu a(-m@)a (ela) ey-[er-(ol e-] A201] (2 s{elel | ale mis 
helping NASA build the huge Space Launch 
System rocket. 
Other nations are likely to play a part too. 

Looking to the ISS, there are 15 countries 
Vo) a dla vemnoyelin als) emecolan|elaicliavemual-MOlsMm te tc1-B : 
Canada, Japan, and the eleven member states of 

: the European Space Agency. It’s likely that a 
similar cooperative effort might be undertaken . 
for missions to Mars, perhaps including Japan, 
China and SpaceX too. 

With a cost in the tens of billions of dollars it 
VA1/mex=me li nner] iam ie) mre)a(omar-1d(e)amneme(eN i m-|(0)alsine 
although Elon Musk’s SpaceX think they might 
be able to do just that. , 
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Blast-off! 


The rockets datslmvallursdecs humans ire) eves 


“To get to Mars, ag ‘re going to need’ a big rocket: 
So it’s a good thing that NASA and SpaceX are 
working on just that. 
_ Onthe NASA side of things, we've got the 3 
Space Launcli System (SLS). The rocket has: 
° come in for a considerable amount of criticism, 
* aspecially as NASA doesn’t really have a proper 
idea of what they wantitto doyet,notto. @ 
- “ *| mention its eye-watering $18 billion (£14 
_ billion) (ofo}si an Wel plan at the time of writing is to 
eens (-01(-)(0) OL) versions of the rocket, the larger of 
.. which (called. Block 2) will be the most pqwerful 
“* , rocket ever built - more powerful even idet-vemaete 
ae - Saturn V rocket idekcle took Jarbbant-bercnne) the Moon. 


ae SLs vs ITS | 


Comparing these two «¢-* 
massive launch vehicles 


7 an 


Height 


AN aia launch of the smaller version, called 


Block 1a, is expected to take place towards the 


end of 2018. This will send.an ebebaetzbevelromepareyel 
capsule on a flight around the Moon. A few 
years later, a crew will be sent ona mission to 
lunar orbit (oyateyel can.seat amaximum of six). 
Beyond this though, there are no firm plans. 
The idea is that in the 30308 (o) oxo) ap eee b wh a) (te) ire) 
rockets will be used for a return trip to Mars. 
Some have suggested the powerful rocket could 
also be used for Kolitelccye unmanned missions to 
* ether destinations inthe SolarSystem. , 

‘AS for SpaceX, they have two large rockets i in 
development. The first is the Falcon.Heavy, , .* i 


NASA’s SLS Block 2 will have 
a height of just over 111m, 
making it less than a metre 


taller than the Saturn V. 


Weight 
| The entire SLS rocket 
will weigh 3mn kg at 
| the time of lift off. 


Height 


The ITS will be the 


SLS will have a 
lift-off thrust of 
 4.2mn kg. 


. 
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“TG get to Mars, you're going 
to need a big rocket. 'So it's 

“.-° a.good thing that, NASA and 
3 _ “SpaceX are ‘working onit.n 


biggest rocket ever, 
built at 122m tall. 


Payload 
The ITS will be 
able to take up 
to 550,000kg 
into orbit. 


® to take satellites and unmanned spacecraft 


“on its enyivaee 


into the Earth’s orbit and beyond. Their much 
bigger rocket, revealed in September 2016, is 
idelewbelncvgoye-belcincbays Transport System (ITS), also 
known as the Mars Vehicle. 

The ITS is absolutely mammoth, dwarfing 
even the larger version of the SLS rocket. In 
early concepts,the rocket willlaunchwitha . 
me eVer<-nrc-Jobrelt-neyel top that could take 100 to 
ex-Veye) cRroMWENecKeyeRet-ela trip. The rocket sh 
will land back on Earth, ready to be used again, 
While the vehicle would travel on towards Mars 






Weight 

The weight of the ITS has not been 
confirmed, but we do know the 
booster is designed to land back 
on the ground, unlike the SLS. 


which will mostly be used by paying customers 




















Inspiration Mars, a hopeful private company, once planned to send a couple onan orbit around Mars in 2018 


How the ITS works 


The launch system behind SpaceX’s plan to send 1 million people to Mars 


3 Orbit 

The crew vehicle will 
dock with a fuel 
tanker in orbit. 


6 Propellant 

A propellant plant will 
turn Martian water 
and CO, into fuel. 


1 Launch 

Between 100 and 200 
people will be 
launched on the ITS. 


could eventually be as 
short as 30 days. 





5 Mars landing 


i : i lO lant-lacM dll moxsw-]e)(omnoMere,.-lormel-le-M paulo The entire vehicle will 


2 Reusable 

; After launching, the 
booster will return to 
the ground. 


faster than rovers and probes have 


Payload 

SLS Block 2 will be 
able to take 
130,000kg into orbit. 


Inside 
Orion 


How NASA’s Mars crew 
capsule will work 


Thrust 

With a lift-off thrust of 
13mn kg, the ITS will 
be far more powerful 
than any other rocket 
built before. Crew 

Up to six people will be 
able to travel inside the 
Orion spacecraft. 
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4 Journey 

to Mars 

SpaceX propose that 
the journey to Mars 


Supplies 

The capsule will have 
basic life-support and 
cargo Capabilities. 


land passengers on 
Mars. It will generate 
1,/00°C as it enters 
the atmosphere. 


7 Return 

The vehicle will return 
to Earth, ready for 
another trip. 


Docking 

A docking adapter will allow Orion 
to dock to other vehicles, such as 
the SLS or a deep space habitat. 


Purpose 

The vehicle is 
designed for launch, 
long travel durations 
and re-entry. 
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_ SpaceX’s plan, it also seems quite realistic. The 
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Sending people to Mars will probably not bea SS Sates . sae 
° f° ° c fe at oat a 
single-mission endeavour. We will likely need ; en Sor 
o 5 5 ° ° ay » eet a 
other missions to preparé, such as test missions S Ree s 
to Mars orbit, or even supply missions to the ak 
surface of the planet. An agency like NASA . . & 
; : One of two Orion vehicles could Hs Soe 
wouldn't be too keen on sending people to Mars be used to explore the Martian a 
. . ‘ ant 
and having thém fend for themselves - it would moons Phobos and Deimos. ? Sth 
: ; B01" — 7 eT Re PRAY AS PSSST es 
be wise to have some sort of infrastructure in | NURLD ET BSS \ , RUN ¥ \N Ri Seta SS: 
tai hy belay i teky : SR? SS AN Hx ‘ tanta: 


place beforehand. 
With this in mind, Lockheed Martin unveiled \ SS eae 
its plan for a Mars Base Camp in 2016. The idea _ ia ZENS ae 
basically revolves around building an ISS-lite Say SN A KA 
in peaks (oh de)imme Wabicmeyaeyiubarss eae could be = Nas Sy oC 
Tahoe aw. 
visited by Orion spacecraft, and used by | ’ A ON 4 
Iie ae) ecLOL RSM KORSLMULOAYM\V Ec Dace Bale mee)elnae)| rovers on < iis ( i) — \ 
its surface. The latter is known as telerobotics, | 


~ 
\aNt 

and has been proposed as a way to speed up oe 

Mars exploration. There is a lag of tens of \ 4 


minutes when controlling a rover on Mars from 
Earth, but that would be reduced to just 
seconds from Mars’ orbit. 
| roXed(d alexcre W\V/E-bapsaucn ey ae) eyeysr. il 
sTVCOLUN CO MBOLVOVAU cm orcreabonenparsy 
construction of the Base 
Camp first in cis-lunar space 


} 
es 
he 


a=t-WenWeC=WlV Cofeyel eM Mal-Meteyuslor-bont Fuel tanks 
; Liquid oxygen and 
say that NASA could use this as a place to dock hydrogen fuel will’bé 


its Orion spacecraft and, in 2023, astronauts stored in these tanks. 

could practice controlling rovers on the surface 

of the Moon. Then, in 2027, the entire station 

would be relocated to Mars. By 2028, it would be | 

ready for humans to visit, and it could be used Mi ars 

as astaging outpost fortripstothesurfacein . 

the ee ° | Base Camp , 
Whether NASA willadoptthe planremainsto Building a space 

be seen. But it’s an enticing one as it lays outa station in orbit 

around Mars 
steady roadmap for Mars exploration. Unlike 


Habitat 

The station would have 
space for astronauts to 
live and work in. 


technologies are not beyond our reach, and it 
builds on things we've done before. 
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“Sending peo to 
aleve 8) Ke)e/e/e) Ce plelee Laboratory 


Here astronauts could 


bea sing P mission “ ‘ conduct experiments and 


control rovers on Mars. 


It will cost around $16 billion to 
prepare Orion for its first manned 
lany iss} (e) a sXev a(=XeL0] (=\e ce) ant a(-AC PAK) 
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Some theories suggest that by melting the ice at the poles of Mars, we could turn it into an Earth-like world 











Hibernation “~ °=". 
(oya-Meym date elee)e)(-lnacm/aidame(-iadlatem cell Vi-leceis Wiela late melels what to do with the 
astronauts on the way. With a journey time of up to several months, the * | 
astronauts will need to keep fit, ready and alert. One possible way to'do this : 
is to have a rotating section to simylate Earth’s gravity.-But another way is to” * 
put the crew into hibernation, an idea that NASA has funded research fof. - -°~ 
A small crew could be unconscious for two weeks at atime onarotationah 
basis, with one person always staying.awake for a brief time, Every two or -, 
three days, that astronaut would.go into hibernation, dnd ariother-would wake, 
up. While asleep, the astronauts would be kept at temperatures as low as 34. 
degrees Celsius - down from our more regular,37 degrees Celsius-toslow,". + , - 
their metabolisms. nm iss 2 SRS, 
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Radiators 

Like the ISS, the station 
would have radiators to 
expel heat into space. 


US company SpaceWorks.Enterprises Inc are investigating, : 
~ the feasibility of induced hibernation for space travel — 


< | ; rT = : : * . 
Orion + AhomeonMars? . °°... 
The Mars Base Camp would |) 4 oo : 

have two docking ports for 


two Orion vehicles. 


One major criticism of the Apollo missions was that-there were no plans to 
keep people on the Moon permanently. The longest mission on the surface, 
Apollo 17, was about 12 days, and we have not been back to the Moon since. 
Many are keen for Mars exploration to not simply b@a series of ‘boots on a 
Tate Me] qex0 late Mma alicssi(elarcea oll] al g-lan\-l ar Mel E-lahcoll <-\-lo-Mer-i-Rolaee ola Mola maal> : 
surface. It’s unclear which route NASA is favouring at the moment, so time - . 
will likely tell what they are aiming for. @ 4 eur | 
As for SpaceX, we know that,they want to have a massive colonyenthe ° . 
surface in the next 100 years or so. They envisage sending 100 feY-tole) (Kole “ 
more at a time and reusing their rocket for multiple trips, eventually leading: 
to a colony of 1 million people on Mars. Elon Musk has also touted the & 
Ke (=te oyu =laechce)annliarem\V/telacmelalemantsldiare Min |ai=.2'0)(-mce)mualllpat-la\cemel0| mum a 
é that’s a story for another day. ead 
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Solar arrays é hy . &F be Se 4 = 
The spacecraft’s power ak eo . 
* would come from large 


Se solar arrays. 
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Propulsion 

A cryogenic propulsion 
stage would move the 
spacecraft from lunar 

orbit to Mars. 
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Air-launch systems 


How and why rockets are launched from aircraft 


ou're probably familiar with ‘normal’ 
Y: ckets, which launch vertically from the 

ground. But you might be less familiar 
with air-launch systems, where a rocket is 
launched from the underbelly ofa plane. 

This type of launch is not particularly new. 
There have been dozens over the past few 
decades, with one of the most successful 
systems being the Pegasus rocket, developed by 
American company Orbital ATK. 

The Pegasus system involves attaching a 
rocket, measuring either 15 metres for the 
regular rocket or 16.9 metres for the XL version, 







Pegasus 
works 


How this rocket makes 
its way into space 


“The actual 
benefits of 
gn air launch 


system are 
debated" 
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© NASA; Lockheed; Illustration by Adrian Mann 


underneath a huge Lockheed L-1011 TriStar 
aircraft known as Stargazer. At a height of 12,400 
metres the rocket is released, and it ignites its 
engine to make the rest of the journey to space 
onits own. 

One of the benefits of using this system is that 
it is somewhat cheaper than launching rockets 
using conventional ground-launch systems - at 
least for smaller payloads. For this reason, NASA 
recently used a Pegasus XL to launch its CYGNSS 
spacecraft, a suite of eight satellites that will 
study tropical storms. They are part of NASA‘s 
Earth Venture programme, which focuses on 


low-cost, science-driven missions to study 
Earth, and Pegasus offers a cheaper way to 
access space than a standard rocket. 

However, the actual benefits of an air-launch 
system are debated. Some say that the speed 
and altitude gained from the aircraft is not that 
significant, as the rocket still has to do much of 
the legwork. But, at the very least, it’s very 
impressive to see one launch. 





a | 


Pegasus provides a lower-cost route to space 
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Stargazer was once used to transport NASA's experimental X-34 hypersonic research aircraft around the US 


Stargazer 


Stargazer is a modified Lockheed L-1011 TriStar aircraft used by 
Orbital ATK to launch its Pegasus rockets into orbit. It has a top 
speed of 1,053 kilometres per hour using three engines: two on the 
wings and one on top of the aircraft. Both its length and wingspan 
measure 50 metres. 

Orbital ATK began using Stargazer on 27 June 1994, with more EM, 
than 35 launches being completed since then. Previously, Orbital s abl coh age 
had used the NASA-operated Boeing NB-52B Balls 8 to launch its 
Pegasus vehicle. Most flights take place from Vandenberg Air Force . 

Base in California, but some have also lifted off from elsewhere in A) 
the US, the Marshall Islands and even Spain. 







Stage 3 

After almost seven 
minutes Stage 3 ignites 
and sends the satellite 
towards its intended orbit. 


Satellite 





S a About eight minutes after 
pace launching, Stage 3 separates, 
and the satellite goes it alone. 







Once in space, at an altitude 
of around 115 kilometres, 

the rocket’s casing (fairing) 
is jettisoned. 


Separation 

Stage 3, with the satellite, 
separates from Stage 2 at a 
height of about 480 
kilometres, depending on the 
type of orbit required. 








CYGNSS 


NASA's Cyclone Global Navigation Satellite System (CYGNSS) consists of eight small 
microsatellites, each one just 51x64x28 centimetres, that will give scientists an 
unprecedented look at tropical storms and hurricanes. 

The spacecraft will look for GPS signals reflected in the oceans, using these 
measurements to monitor hurricane wind speeds. This data will be important in working out 
how intense a storm is, significantly improving tracking and intensity forecasts. 

Each spacecraft is deployed in a slightly separate location over Earth, orbiting at an 
altitude of approximately 500 kilometres. Successive satellites will pass over the same 
region every 12 minutes, letting us see the evolution of storms over hours, rather than days, 
from a single satellite. They will look exclusively at the tropics, where most hurricanes are 
found, rather than the whole world, letting them gather much more useful and focused data. 





Viewing Earth in HD 


The cameras on the ISS that provide a live feed of our planet 


hances are, if you've ever watched a live 

stream of Earth from space, you’ve 

probably been watching it via NASA’s 
High Definition Earth Viewing (HDEV) cameras. 

Launched to the International Space Station 

(ISS) on a SpaceX Dragon capsule in 2014, the four 
cameras provide an almost continuous stream of 
footage of Earth. They are mounted externally 
together outside the station’s Columbus 


Inside HDEV 


The equipment used to 
keep an eye on Earth 


Cameras 
There are four cameras 
inside the HDEV, built 
by Hitachi, Panasonic, 
Toshiba and Sony. 


Vacuum 
The casing for the cameras is 

unpressurised, exposing them to 
the harsh environment of space. 








laboratory module, with teams of students 
involved in the experiment. 
But while the pictures might be pretty, the 
goal of the experiment is not public outreach. 
Instead, HDEV is designed to monitor how HD 
video cameras cope with the harsh environment 
of space. One camera continuously looks 
forward, one looks downward, and the other Head to eol.jsc.nasa.gov/ESRS/HDEV 
two point backwards, giving different views. to watch the live stream in all its glory 















Individual 

Only one of the cameras 
can operate at any one 
time, so the live feed 
switches between all 
four on a loop. 





Footage 
The cameras downlink their 
footage in real-time, with 
no onboard recording. 





Power 
The cameras run on the 
International Space 
Station’s own power. 





©NASA,; Illustration by Adam Markeiwicz 


ESA's PLATO space telescope will focus on finding Earth-like worlds in habitable zones after launching in 2024 






Planet types 





How we categorise the different 


worlds found in our galaxy 





@ MINITERRAN 
Radius compared to Earth: 0.03 to 0.4 R. 
Mass compared to Earth: 0.00001 to 0.1 M. 


Miniterrans are the smallest spherical rocky worlds, 
according to the Planetary Habitability Laboratory (PHL). 
Due to their size, which is similar to that of Mercury, they 
are very hard to find - only five have been found outside 
the Solar System to date. Those we have found are close 
to their star, and thus very hot and have no atmosphere. 











@ TERRAN 
Radius compared to Earth: 0.8 to 1.5 R, 
Mass compared to Earth: 0.5 to 5 M. 


Terrans are similar in size to Earth and Venus, and are 
often billed as the most likely worlds to be habitable. Of 
the 664 found outside the Solar System to date, about 15 
el acm uavel0 le] simon elo Wl ala ai=)] acin-| acm al-]e)it-] 0) (=W4e) alee] ie) 
known as the Goldilocks zone - the region where liquid 
Veo 12) eure] ale Maat \VelomlikeMmexele|(em=>.4 (cm 











@ NEPTUNIAN 
Radius compared to Earth: 2.5 to 6 R. 
Mass compared to Earth: 10 to 50 M. 


As their name suggests, neptunians are similar in mass to 
the planet Neptune. They are likely to be gas giants too, 
and due to their size, we can more easily find them in the 
‘cold zone’ at the edge of their planetary system, where 
water turns into ice. Our own Solar System’s edge, known 
as the Kuiper belt, is home to the dwarf planet Pluto. 
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OU ay 
Radius compared to Earth: 0.4 to 0.8 R, 
Mass compared to Earth: 0.1 to 0.5 M. 


These rocky worlds are similar in size to Mars and again, 
TLcomaalialincla cel alsHmuals\ are] acm larerastelle)\Vael lai] lmnem (eler-1K=) 
(oJ) w=} (e(=e) moll] apsle)-] ae )VA-1 02) 00 VA (010) Ma l=Mosom (e(clalili (sto mcve) 
r=] ae) do) | es (oS={=¥a KOM HAT =)| aac} re] eure] ale R=] com alelmr-lalema=)i[ciamynce)aleie 
prone to regular bombardment from asteroids. Mars is 
the only subterran world in our Solar System. 











@ SUPERTERRAN 
Radius compared to Earth: 1.5 to 2.5 R, 
Mass compared to Earth: 5 to 10 M. 


Superterrans, also known as super-Earths, are rocky 
Nive) g (eksMoxe) asc}ie (21-10) \Vait-] qe (=) anu al-]al =t-] quapw~\e\el0] msc m-| a=) 
known to orbit in their star’s habitable zone, although due 
to their enormous size, it is sometimes difficult to discern 
if a superterran is rocky like Earth, or a gas planet similar 
to Neptune. 











@ JovIAN 


Radius compared to Earth: > 6 R, 
Mass compared to Earth: > 50 M. 


Jovians are worlds that are similar in size to Jupiter - or 
NW{2l amo) (ele l=) atau] ale] gem lal aat-lai nmexe)anl elessy-\e mem anvce|gelel=in 
Valo aveli[Ulaamel-\oem s{2) [ale Bcvon [-]ge[omual-\Var-] a=W a=) I-14 N.2) et~ SN Ake) 
find. But scientists were surprised to find many orbiting 
close to their host star - known as hot Jupiters - which 
has forced a rethink in how planetary systems evolve. 






































The most 
common planet 


So far, the most common types of planet we’ve 
found tend to be the larger ones: subterran and 
upwards. But the reason for this is not necessarily 
that they’re the most abundant, but rather due to 
limits in our observational techniques. 

NV/Coysi mm =y.<o) 0) F-]al=1ucm- com cele lalemuls) (ale muaromue-lalciis 
laat=vualoleMme)os-1-] aVdlalemuat=me||omual-\\m 0) aelelUlercmlamual=l ig 
star’s light as they pass in front. But to confirm a 
planet, we need to observe these orbits. This is most 
easily done for large planets in close orbits, such as 
hot Jupiters. Recent studies, however, suggest 
mini-Neptunes - worlds between Earth and Neptune 
in size - may actually be the most abundant. 


Data from the 
Planetary Habitability 
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DELVE DEEP UNDERGROUND AND EXPLORE SOME 
OF EARTHS HIDDEN NATURAL WONDERS 
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Cave types ~ i 
The many varieties of caves that 4 eee 
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Hang Son 
Doong Cave 


Quang Binh Province, Vietnam 


he world’s largest cave was only 
discovered in 1990 and first 
explored in 2009, but has been 
forming over the past 3 million years. It has 
been carved from limestone by the Rao 
Thuong River flowing beneath the 
Annamite Mountains and itis nowso large 
that a 747 aircraft could fit within its biggest 


_ cavern. Inside are 80-metre-high 


stalagmites, cave pearls the size of 
baseballs, and even clouds formedasa 
result of the cave’s own localised 
| os x weather system. Massive 
~~ sinkholes have also opened 
“sy. \ upsections to the outside 
world, allowing jungle 
to take root inside. 
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Also known as 
littoralcaves, these 
el acm ie) aaalsemyviatcial 
waves slowly erode 
zones of weakness 
in sea cliffs, carving 
(eo) Uh mers \V.ctoe 





VV wel eu Ulavaliare| 
day aelerclane)e 
Ul ael=\aalcr-1salr- Me) r-lel(=1¢ 
gradually melts the 
ice around it. 
eAVeval dU r-]| Ware mere \VoM IS 
formed as a result. 
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DID YOU KNOW? e2o per cent of the Earth's land surface ts karst landscape - the limestone-dense areas most caves form in 








Sistema Sac 
Actun Caves wexico = 


BM atewatsiayuve)g qe) m\\- 14>) a Vacer-\Vctom ol) aly] an) 

NV Cey<Loxe Moan dU lor-] t-]alm excell ariel t-mere)aie-]lacmante 
Koyate(=sojmUlave(=iae)aelelalemal\c-)alamaat-muve)alen 
measuring 312 kilometres. It is also the 
second longest cave system, behind 
Mammoth Cave in the US, but its true size 
was only discovered in 2007 when a group 
of divers found a passageway linking the 
y= [om Node] al-lalem \(o)alolera lm \i-] nm iallolamer-\V=) 
systems together. 


iimee 
caves form? 


Discover the processes that 
create solution caves over 
thousands of years 





Sistema Sac Actun is constantly flooded with a 
mixture of fresh and salt water 


“Hang Son Doong Cave Is now 
solarge o 747 aircraft could fly «4 
through its biggest cavern 





Groundwater seeps through cracks or fractures in 
the earth to reach the limestone rock beneath. 





Creating cavities . 
The slightly acidic water slowly dissolves the 
limestone rock to create a system of small caves. 





ACoyialinvemeese (alanis) e 
PANSM a ale) @=M\7-] 02) m=) 01 K>) goPm Malo mer-\ctome[-1m o)elel=lar-lale 
eventually join together, becoming one large cavern. 


1. Hard rock 


WM al=mele) els) ai l-\\,=) aoe) mn elel. @r-] com al-] 02) are] ale BoveMe | os<%e) hVi=) 
more slowly than the soft limestone. 


2. Acidic water 
(CTge) el aren ce] k=1an anld.caccmididamers] gelelamel(e).(e(-mlamual=welig 
Fe] ale sXe) | MRO Mel a=t=]K2MYi{=t<] @ ers) gole)al(emalel(em 


3. Underwater caves 
Caves situated below the water table are always 
flooded with water. 


4. Collapsing cracks 
(Otg-[oleom lam al=Me) e)el=) al l-)\\.=) emo) cele! @ele-lelUl-]IN 
lekexexe) a areme)(e(e(=) emexe)|t-] es=)ale ial kemcyial.@ ale) (ote 


5. Rock chemistry 
Minerals in the rock can also make the 
groundwater more acidic as it passes through. 


Fracture Talus | _Eolian 








5, an Layers of more 5 & a Bi aveme)elcvalialessmuareie o, (ova alanteyamia o_ AY e)ier-] | Nakelel are! 
e Git Yo) [0] 0) (-Waalialcuecl is \ % i form between Ci . deserts, these er along coastlines, 
eg » located between * : an Fel get-m stele] (e(=\g-muat-ls eR _ caves are formed 4 these flooded 
ced layers of less soluble - ae ate cmicli(clamiaineds bh ee 2 oA aresom elena iale| ‘ *) caves containa 
Sa rock are dissolved by Aas heap at the base of t + fine sand against a mixture of both 
*" eH reYoale|(ome] cele l aren vce] k=) cliffs are known as —— rock face, eroding fresh water and 
Keke Al ale Migsleine|assoe talus caves. the surface. salt water. 
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Stalactite “Sarawak Chamber is the 
plore -omne oh e iner iD peice largest cavern re surface 


features that can be found sind keaaie acl . , 
inside caves calcite, which builds up gored I the worl 
to form a stalactite. 
Helictite :, 
Capillary forces allow water 
droplets to move in multiple 
directions, depositing 
calcite in thin branches. 












| Stalagmite — 
Soda straw Dripping water that still Column | Cave pearls 
Water dripping from the cave contains some traces of Eventually stalactites and Water dripping into cave 
ceiling sometimes deposits calcite, aragonite or gypsum stalagmites grow so large pools deposits calcite around 
rings of calcite, which build up falls to the cave floor and that they join together to grains of sand, forming 
to create hollow stalactites. creates stalagmites. form calcite columns. rounded lumps of calcite. 
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The deepest dwelling land animal, an eyeless insect, was found in the Kruberad cave at 1,980 metres deep 
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Formed of a chain of limestone pits connected by narrow 
passageways, the Krubera Cave in Abkhazia, Georgia is the 
only known cave on Earth deeper than 2,000 metres 


Burj Khalifa 
830m 


Eiffel Tower 
324m 


Great Pyramid 
140m 


Empire State 
Building 
443m 


Washington Monument 
169m 


Chrysler 
Building 
319m 


The cave is the same height 
as six and a half Eiffel Towers 
stacked on top of each other. 


The cave contains depressions 
where water collects known 
as sumps, so divers must 
swim through cold pools. 


The entire cave is 13,432 metres 
long, as the multiple tunnels 


branch off in different directions. 


Cave divers will often use 
special probes in order to 
assess the depth that they 
have reached. 
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It’s impossible to reach the bottom 
in one go, so explorers set up 
camps to rest along the way. 


Ukrainian diver Gennady Samokhin 
has travelled the deepest into the 
cave, reaching 2,197 metres down 


in 2012. 
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_ Gebithe Cave system laazu=am 


Lying beneath the peaks of southern China are some of the world’s largest caves, but new laser 
ercbebcUba rea cave) abel has only recently revealed just how impressive they really are 








q ro 





~~ Record breaker 

, The Miao Room is the world’s 
largest cavern by volume, 
measuring a gigantic 10.8 
million cubic metres. 


Entrance 

The cave can be accessed 
by boat via a lake that has 
been created by adam. 
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Hidden secrets 

Laser scanning has revealed a 
= previously unknown passage 
am . and other openings leading 
ag ; from the main cave. 
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Controversy 

There is some debate as to 
whether the Miao Room is 

one cavern, or two domed 

chambers connected by an 
852-metre passage. 











A big space 
A Boeing 747 could 
comfortably fit inside the 
Miao Room, providing you 
could get it through the 
narrow entrance. 





Growing bigger 

Cave collapses have increased 
the size of the cavern over 
time, leaving behind rocky 
debris as evidence. 


Ne 
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DID YOU KNOW? The area in which the Gebihe Cave system Is located was covered by sea for 600 million years 





Scanning the caves 


The enormous Miao Room was first discovered in 1989, but no one 
could see its true size. Even modern LED torches are not bright enough 
to illuminate the entire cave at once, so in 2013 a British-led expedition 
enlisted the help of a laser scanner to penetrate the pitch-black 
darkness. The scanner - a metal cylinder that sits on top of 

a tripod - emits laser pulses as it spins 360 degrees, then records how 
True size long it takes for the light to be reflected back. It can take 122,000 

The surface area of the Miao laalet-hs10]q=)anlclal acm l=) mci-\erolale Mm a=\orolaelalem=n'(-avaualiaremuuiualiam-moll@miaaiclag= 
Room covers 118,000 square radius. The data captured is then sent to a laptop and used to produce 
metres, which is the second a 3D model of the cave, revealing its interior features in 

largest in the world. unprecedented detail. 





Cave features 

The cave is littered with 
house-sized boulders and 
sheets of calcite deposits 
flowing down the walls 
known as flowstones. 


Deep below 
The caves are located at up 
to 100 metres underground 


in places, and have been In the shadows 

carved out of limestone Some areas uncovered by the 

over millions of years. laser scanner have yet to be 
fully explored in the cave’s 
pitch-black darkness. 


Central stream 

During rainy periods, a stream 
flows through the chamber, 
carving a deeper canyon and 
washing away fallen debris. 








“There Is still some debate 
as to which chamber ts 
officially the largest” 
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Animal pupils 
Ever wondered why sheep have oblong pupils and 
foxes have cat-like slits? It’s all to do with lifestyle 


he pupil is the opening in the eye's iris that 

lets in light. Itappears black because the 

light is absorbed by the eye tissue. The 
dilation and contraction ofthe iris is a reflex action 
to adjust the amount of light entering the eye. If 
you were able to stare into the eyes of various 
animals (careful with the predators) you'd notice 
that there’s no one-size-fits-all option. 

Inarecent study, scientists have looked at the 

different pupils of animals and concluded that the 





different shapes perform different jobs to benefit 
the ecological niche of the animal. For example, 
the pupils of prey animals offer a wide field of view 
that helps them scan for predators as well as 
decide where to flee. 

Conversely, the pupils of predators dilate much 
more, to better equip them for hunting in all light 
conditions and to allow them to gauge the distance 
of prey without moving their heads and giving up 
their position before it’s time to pounce. 


Cats are ambush 
predators that hunt 
close to the ground in 
many light conditions, 
so their pupils have 
evolved to match 






One especially interesting trait is how the 
oblong, horizontal pupils ofanimals suchas 
sheep, goats and horses are able to rotate to stay 
parallel to the ground, even when the animal 
moves its head -a process called cyclovergence. 
This incredibly clever evolutionary adaptation 
helps the pupils to work best for the animal, and 
proves invaluable should the animal need to run. 

Read on to find out about the other types of pupil 
shape, and how they link to the animal's lifestyle. 


Round pupils 

Animals like dogs, wolves and big cats 
have round pupils. They actively chase 
down prey, mostly in daylight. Round 
pupils mean that the field of view isn’t 
spectacularly wide, but as top predators 
their vision isn’t required to help them 
flee from attack. 





Crescent pupils 

This pupil type is shown in stingrays, 
flatfish and some catfish. Crescent pupils 
enhance vision by decreasing the effects 
of distortion in the water, providing a wide 
field of view to look out for any predators 
lurking nearby or spot potential prey. They 
also boost contrast. 


030 | How It Works 


fe Ties 


: 
a 


. > 
Pe > *- 
— - 7 


> 
< ; 
= 


~~ at Se a 
Vertical slit pupils 

The animals that sport these pupils are 
small ambush predators that hunt close 
to the ground: cats, foxes and even 
crocodiles. The slits allow a greater 
expansion of the pupil to let in much 
more light - an adaptation to predators 
hunting in a variety of light conditions. 


W-shape pupils 

Shown in cuttlefish, these pupils are a 
modified horizontal-split pupil. In darkness 
the pupils are almost circular but forma 
W-shape in bright light. This allows light to 
enter the pupil from many different 
directions and boosts image contrast and 
distance vision. 


Horizontal pupils 

Horizontal, oblong-shaped pupils are a 
feature of prey animals - sheep, goats and 
horses. These curious-looking pupils 
provide a wide field of view, allowing the 
animals to scan for potential predators. 
The pupils also keep the ground in sharp 
focus to aid escape. 


Vertical beaded pupils 
Geckos (as well as some fish) have 
pupils that decrease to very thin 
vertical slits with multiple pinholes in 
bright light. These multiple ‘beads’ 
work together to help the lizard 
perceive distance as well as allow 
hunting in various environments. 





Horizontal slit pupils 

These pupils are also a feature of prey-like 
animals, seen in some frogs, toads, snakes 
and octopuses. This pupil type allows the 
animal to spot the vertical motion of 
predators and therefore take evasive 
action. They also extend wide to let plenty 
of light in for day and night foraging. 


Invertebrates’ compound 
eyes do not feature 
pupils, but some have 
dark spots called 
pseudopupils 
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urning a three-dimensional globe into an 

entirely accurate two-dimensional map is 

impossible, as the sphericalimage is 
always going to become distorted in some way 
when you flatten it out. Therefore, in an effort to 
create a more portable representation of the world, 
mapmakers have had to sacrifice the accuracy of 
shape, distance, direction or land area depending 
on the map’s use. 

One of the most recognisable world maps is the 
Mercator projection, developed in 1569 and 
currently used in US schools and by Google Maps. 
It was originally created to aid marine navigation, 
and so features parallel lines of latitude and 


Flattening the Earth 


How a 3D globe is turned into a 2D 
Mercator map 


Distortion 

The lines of latitude are 
spaced further apart as 
their distance away from 
the equator increases. 





Straight lines 
The lines of longitude and 
latitude are straightened to 
preserve true direction. 
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Map projections 


Discover why all world maps are a little bit wrong 
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Viewing the 
Earth as a globe 
is the best way 
to see its true 
measurements 


longitude to accurately represent direction 
and the shape of countries. 

However, as a result the size of the countries are 
distorted, particularly near the polar regions, 
causing some political controversy about its 
representation of the world. Some people believe 
that by making Europe and North America look 
much bigger than they are, the Mercator map also 
makes them appear more powerful, perpetuating 
ethnic bias against the Southern Hemisphere. 

Apopular alternative to the Mercator map is the 
Gall-Peters projection, introduced in the 1970s. It 
managed to accurately represent direction, aiding 
navigation, and also show the true size of 


Wrong size 
The polar regions 


stretched, making them 
appear much wider than 
they are in reality. 


‘i alk. 









countries, but their shapes are distorted, making 
them appear stretched. 

However, with the development of GPS, world 
maps are no longer widely used for navigation, so 
direction accuracy is not as important. Asa result, 
one of the more popular maps today is the Winkel 
Tripel projection, developed in 1921 and recently 
adopted by the National Geographic Society. By 
spreading the distortion equally across shape, 
distance, direction and land area, this projection 
minimises distortion overall, creating one of the 
most accurate two-dimensional representations of 
the globe. 


Navigation 

The right angles of the line 
intersections make navigating 
with a compass much easier. 
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There Is no limit to the number of possible map projections, but they all feature some form of distortion 
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How do three of the most popular 
map projections represent Earth? 


Cartography has improved 
over the centuries, but no 
flat world maps are 


The outer lines of latitude and 
completely accurate 


longitude are slightly curved 
and non-parallel. 


Distortion becomes more 
evident when zoomed in, 
so the map is typically 
used as a whole. 


There is minimal distortion of 
shape, distance, direction and 
land area across the map. 


Areas near the poles are 
stretched horizontally, making 
the countries appear wider. 


The size of the countries 
is very accurate while 
also preserving 

true direction. 


Although the country sizes are 
more accurate, their shapes 
are still distorted on this 
version of the world map. 


Areas near the equator 
are stretched vertically, 
making the countries 
appear longer. 


Arno Peters’ map was found 
to be almost identical to a 
map created by cartographer 
James Gall in 1855. 





This map implies that the 
Scandinavian countries are 
bigger than India, but India is 
actually over twice as large. 


Greenland appears to be the 

same size as Africa, but in 

reality it could fit inside the 

continent 14 times. 

Europe appears to be a similar 
size to South America, but is 
in fact just over half it’s size. 


“Mapmakers 
have had to 
sacrifice the 
gccuracy o 
their maps © 


Antarctica appears to be the 
biggest continent but it is 
actually the third smallest. 
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The wind chill factor “ 


Discover why it feels so much colder on windy days, even if 
the air temperature hasn't actually decreased 






he wind chill factor is the Abreeze can make it feel colder than it 

temperature that a person feels due actually is, because when air circulates and 

to the wind. This is different to the blows across our skin, heat is lost from our 
air temperature, and many weather bodies by evaporative cooling. The faster 
forecasts distinguish between the two by the wind speed, the greater this effect. The Weapnauawann 
stating what the actual temperature is, as wind chill factor expresses the rateatwhich and covering bare skin 
wellas the ‘feels like’ temperature. heat is lost from our exposed skin. will help prevent heat loss 


The process by which a 
breeze draws heat away from 
the body 


Strong winds 
If the wind is very strong then the 
body will become colder much faster. 


Dilation 
In a warm environment, our blood 
vessels dilate, allowing more heat to 
be lost to the air. 


Moisture loss 
In warm weather, the evaporation of 
sweat helps keep us cool, but breezes 
in cold weather can also increase the 
rate at which moisture evaporates. 


Constriction 
In a cold environment, our blood 
vessels constrict, limiting heat loss to 
the air. 





The cooling process 
As the wind brings cold air in contact 
with the skin, moisture evaporates 
and body heat is lost. 


@ Moisture 
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Male ibex live in separate herds to females and their young, and only meet during the breeding season 





Ibex can balance on ledges no 


: bex wider than a tightrope 


Meet the daredevil rock climbers that live life on the edge 


alancing ona tiny ledge just big enough for hooves, and then run back down with just as much 





all four hooves, it may look like the ibex is ease. This special skill is particularly useful for 

destined for a long and fatal fall. However, escaping predators, as very few creatures can 
these mountain goats are equipped to navigate follow their daring lead, but there are other However, to get to them they have to endurea 
seemingly impossible slopes, and very rarely slip benefits to living the high life too. perilous ascent, climbing more than 30 metres 
or lose their footing. Alpine ibexin northern Italyhavebeenspotted = withonlytiny cracks and ledges to cling onto. 

Living in the mountainous regions of Europe, scaling the near-vertical Cingno Dam to lick the This impressive climbing ability is mainly 

northern Asia and northern Africa, they can rocks at the very top. The rocks containsalt,which — practiced by females and their young, as the larger 
effortlessly leap up crumbling rock faces, gripping provide the goats with essential minerals such as body mass and cumbersome horns of the males 
on to tiny footholds with their specially adapted calcium that are lacking from their vegetarian diet. make balancing on narrow ledges difficult. 
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How are mountain goats so well- 
adapted to climbing sheer rock? 









Muscular shoulders 
Strong shoulder muscles help 
ibex pull themselves up steep 
inclines with ease. 













Horns 
Females are the best climbers, 
as their shorter horns do not 
get in their way on near 
vertical slopes. 













Stocky body 
Their short height gives them 
a low centre of gravity, 
enabling them to balance on 
small ledges. 













Hooves 
Two-toed hooves with soft 

undersides help them to grip 
onto the mountainside. 
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Strong legs - 3 


Ibex can jump over 1.8 metres 







= froma standing start, helping Dewclaws - 
‘them leap from ledge to ledge. These extra hooves foundon ~<2 
. . the backside of the legs I %. fr 






prevent slipping down a slope. 
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DID YOU KNOW? In the UK during 2015/16, 45% of work sick days were stress-related 


sends a message to the hypothalamus, setting offa 
chain of electrical and chemical messages that 
prepare the body to respond. The first step is to put 
the nervous system into ‘fight or flight’ mode. It 
does this by signalling to the adrenal glands to 
increase production of adrenaline. 

This chemical messenger surges into the 
bloodstream, triggering a wave of energy release 
by raiding the body’s stores of fats and glycogen. 
Blood sugar rises and fatty acids are released to 
fuel the body in its time of need. These molecules 
are then shuttled to the muscles and brain by the 
bloodstream. Blood vessels in non-essential areas 


The stress response 


The body has a well-tuned system for 
dealing with the first signs of stress 


1. Hypothalamus 
This part of the brain is responsible for maintaining 
balance in the body, and it kicks off the stress response. 


2. Pituitary 
This pea-sized organ produces many hormones, including 
the stress messenger adrenocorticotropic hormone. 


3. Adrenals 


These glands are found on top of the kidneys, and 
produce steroids in response to stress. 


4. Corticotropin releasing factor 
This chemical messenger carries the stress signal from 
the hypothalamus to the pituitary. 


5. Adrenocorticotropic hormone 
This hormone travels through the bloodstream, carrying 
the chemical message to the kidneys. 


6. Cortisol 
These natural steroids trigger changes across the body, 
helping it to deal with stress. 


7. Activation 
Several areas of the brain feed into the hypothalamus, 
triggering the stress response. 


8. Suppression 
High levels of glucocorticoids in the blood feed back to 
the brain, switching off the stress response. 


constrict, heart rate increases and breathing 
becomes faster, diverting extra resources to the 
places that need them most. Senses become 
heightened and the brain is put on alert. This 
response happens instantly, sometimes even 
before the conscious brain has processed it. 
Depending on the situation - and the individual 


—the exact pattern of these chemical surges differs. 


If escape or confrontation is not an option, another 
response, known as ‘aversive vigilance’ might 
replace ‘fight or flight’. Under these circumstances, 
movement stops, and blood is diverted away from 
the skin and extremities to the organs in the core. 













Stress isn’t just human 





Bacteria Plants 
These microbes cope with 
changes to their environment 
by altering the way they use 
their genes. Molecules called 
sigma factors change which 
genes are switched on, and 


which are turned off. their leaves. 
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Water stress can be a real 
problem for plants, so they 
respond by conserving 
moisture. This includes 
producing rapid chemical 
signals that close the pores in 


Fish 
Fish have a similar stress 

response to other vertebrates, 
with a cycle of chemical signals 

that starts in the brain, 

preparing the body to release 
energy and shut down 
unnecessary activity. 





Like us, birds make 
corticosteroids in response to 
stress. The amount goes up in 

birds that breed in higher places, 
which helps them to cope with 
the risks associated with nesting 
at high altitudes. 


Rather than revving the body up for physical 
activity, this response helps to minimise bleeding 
in case of injury. Though most stresses we 
experience now don't carry arisk of physical 
harm, this would have been useful in our 
evolutionary past. Which response is chosen 
varies on circumstances, but individuals are more 
likely to favour one or the other, and it’s thought 
that these patterns are set early in life. 

Atthe same time, aslower but more persistent 
stress response is also activated. The 
hypothalamus pumps outa molecule called 
corticotropin-releasing factor (CRF). This is the 
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Birds 
These rodents are often used as 
a model for human biology, but 
recent research showed that 
they are stressed by male 
scientists. The effect seems to 
be related to their smell, and it 
may skew the results of tests. 
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Cortisol 6 ! 
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Too much stress can have a negatix ~~ | ( brain to the endocrine 
effect on different ts | system, which produces 4 
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- Nerves 
Stress during brain 
» development can affect the 
structure of the growing brain. 





Breathing 
_ An increased breathing rate 
can result in panic attacks 
and hyperventilation. 


aaa a < Muscles 
Tense muscles in the head, " ;, 
shoulders and neck can lead ae 
_ Heart rate to headaches. 


_ Raised heart rate and blood 
pressure can cause gradual 
damage to the 
cardiovascular system. 


Hormones Pag 
Stress hormones like cortisol 

affect cells all over the body, sn 
including dampening the 3 
immune response. 
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Digestion i 7 
J Changes in blood flow to the . 
¢- : digestive system and different 
‘ eating patterns can affect 


bowel function. 
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Reproduction — og 
Fertility and libido can be i Ft ee 
affected by chronic stress in | | 

both men and women. 
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“It turns out that 
AAV =m B] =) | [=AV/ = 
that stress Is 

bad, it is more 
likely to do us 
horm" 
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DID YOU KNOW? A study by Stanford University found that the brains of teenage boys and girls react differently to stress 


trigger for the biological response that puts the 
body into survival mode. From the hypothalamus, 
CRF hops a short distance through the 
bloodstream to the pituitary gland, where it 
triggers the release ofa second, longer-range 
chemical message. Known as adrenocorticotropic 
hormone (ACTH), this molecule travels around the 
body in the bloodstream, reaching the kidneys, 
where it triggers the next step in the stress 
response process. 

On top of each kidney is a hormone factory 
known asanadrenal gland, and within eachisa 
compartment knownas the adrenal cortex. The 
cells here produce glucocorticoids, the body’s 


natural steroids. And it’s these steroids that help 
the rest of the body to deal with stress. Cortisol 
interferes with insulin, helping to keep blood 
sugar levels up. It helps to balance the body's pH; it 
dampens the immune response; and it even 
affects the formation of memories. 

Short-term stress is quickly corrected by the 
body, and, to prevent the cycle continuing forever, 
the cortisol also acts as an off switch. It feeds back 
to the brain, letting it know that the stress 
response has been fully activated, and helps to 
switch offthe production of CRF and ACTH. But 
sometimes, stress can develop into a long-term, 
chronic problem. 


Eustress vs distress 


How can stress levels affect our ability to work? 


Optimal performance 


Under pressure 
Increased stress, 
provided it’s managable, 
can improve productivity. 


= 


Performance 


Calm 


Breaking point 
After a certain level, too 
much pressure negatively 
affects performance. 


aoe 


Distress 


Level of stress 


Stress-related 
damage 


Long-term, or chronic, stress can be bad for 
(ole) am al=t-] tah OL) all mscMod are] (-lalel[aremueme)iamele))iia 
exactly why. Is it to do with poor lifestyle 
choices made under pressure, or is there 
sYolaarsidaliale mare] ®)elcallavematsi(e(om ualom olelehVar-sowr-| 
result of a prolonged stress response? 

In 2004, a research team from the US 
published a paper in the journal PNAS that 
investigated what happens to our cells under 
stress. They looked at the genetic code, 
akeyanliavemiame)amuatcm e)ge)k=\o1uhV{-Mer-] o\-muat-) mere)V(<1¢ 
the ends of each chromosome. Known as 
telomeres, these structures shorten as cells 
(e[=] me) (e(-1em Va m=) aVAVAnal=mer-] | (2\em te) (e) nals) a-ssiomer-] 9 
replenish telomeres, but stress diminishes the 
supply of this regenerative enzyme. 

Hi at=must-|pamcinele|(s\em- Mel cel0|ome) mots me) sal-ar 
Valo mdat=\Vancelelavemuat-lemdat-m (e)alel=]mual-Muve)aal-lamar-le| 
been stressed, and the more stressed they 
felt, the more likely they were to have 
shortened telomeres - a sign that their bodies 
were feeling the strain. Exactly why this 
lave] ®) olclalcm om aleleuelel aa=lalena care) iar 
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Cell 


Telomere 





Cell lifespan 
Telomeres gradually 
shorten as cells age, but 
stress can exaccerbate 
their degradation. 


Serious trauma or stress at an early age can 
cause telomeres to be shortened for life 








Humans are unique among animals (as far as 
we know) in that we think abstractly about the 
world and ourselves. Our enormous brains area 
gift, but they can also lead to long-term stress as we 
worry over problems that just wouldn't occur to 
other animals, like work and money. 

While the stress response has been honed by 
evolution to boost the chances of survival during 
short periods of increased environmental 
pressure, in the long term it can cause damage. 
Ultimately, it can lead to illness if left unchecked. 

Exposure to stress during childhood, be it war, 
neglect or even divorce, can make people more 
likely to experience mental health problems as 


Good stress? 


Tae bode lomm=) ale (ote! alate) (ole |icim ml-lasMelon omni celacire 

Ke} aus) an Kom dal-Mcyol(=)n ui i (om [010] gat] MUA 140 /gomme(=ssYel gle) iale 
the “general alarm reaction of the organism”. 
He was one of the first people to identify and 
investigate biological stress. He continued his 
investigations, and after nearly 40 years of 
research, Selye came to the conclusion that 
stress wasn’t all bad. 

lacie) 0) (eM at-Lem dave) uiamie) moi (elale mal aal-mual-lmmdalcl cows) 
a link between ‘stress’ and productivity. In 
1908, two researchers, Yerkes and Dodson, 
showed that there’s a sweet-spot, where there’s 
i[Ussimm=lalelU Le] ame) a=s-3-16] com keM=) a (exel0 | ¢-Le(-m 0) cole lU Corn hVZI AVA 
/olU hem alolmmsvo man ll (oval al-] mim ol-\oro)an(-s-m Kole maalU (ola miele 
the person to handle. 

Selye was interested in the idea that the 
feeling of stress isn’t so much about what 
happens to the body, but about how each 
TakelhVA(el6r-] i a=t-(e1ucm Kom ual>Meiar-lale[-s-em [amano keV AO e 
he introduced two new words, ‘eustress’ and 
‘distress’, to describe what he saw. Eustress 
was beneficial stress, and distress was bad. 


The key to you 
Chromosomes contain our 
genes. Telomeres prevent 
them from fraying. 
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adults. During this period, the brain is still 
developing, and chronic stress can cause 
structural changes that affect the way that it 
functions. As adults, chronicstress puts strain on 
the heart and blood vessels, contributing to 
cardiovascular disease, heart attacks and strokes, 
and it can also damage the immune system. 

During an acute stress response, immune cells 
are mobilised in case they need to fend off 
infection, but the stress steroid cortisol affects 
their function in the long term. In fact, drugs based 
on cortisol are used to dampen down the immune 
system in patients in need ofimmunosuppression. 

Long-term stress can bea real problem. Not only 
does the response itself put pressure on the body, 
but coping mechanisms, including drinking and 
smoking, can all damage our insides. However, it’s 
not just about the physical effects. ‘Stress’ isa 
loaded word, and recent research has been 
looking at how our perceptions of stress affect its 
impact on the body. It turns out that ifwe believe 
stress is bad, itis more likely to do us harm. 


Studies in the US have shown that people who 
are stressed have an increased risk of dying. But 
—and this is critical - only ifthey believed that 
stress itself could cause them harm. In fact, people 
who were stressed but didn’t believe it was bad for 
them hada lower risk of dying than those who 
were barely stressed at all. 

The negative connotations of the word ‘stress’ 
bothered Hans Selye, who had first pointed out the 
stress response in the 1930s. Part of the trouble is 
that stress isn’t just used to describe the body's 
response to challenging situations. In physics, 
strain is the change in shape or size ofan object as 
aresult of an external force, and stressis the 
internal force associated with it. The use of the 
same word links the two in people’s minds. 

Astonishingly, changing the way you think 
about stress seems to be able to change the effect it 
has on you. Seeing sweaty palms, increased heart 
rate and rapid breathing as signs that your body is 
trying to help you alters your internal response. 
Heart rate still increases, but blood vessels can 


CRH is comprised 
of 41 amino acids. 








stay relaxed, which is much better for the 
cardiovascular system. What's more, there’s 
another component to the stress response that is 
often overlooked: oxytocin. 

Popularly knownas the ‘cuddle hormone’, 
oxytocin helps mothers to bond to their babies, 
and it’s released by the brain when we are hugged. 
Itis also produced during stress, helping us to seek 
social support. Oxytocin also helps by dilating 
blood vessels, lowering blood pressure and even 
helping to repair the heart. 

While stress can feel unpleasant, itis there to 
help us deal with life’s challenges. Believing in 
your body, and seeking support when things 
become too much, can help keep it under control. 


This is corticotropin- 
releasing hormone. It binds 
to CRF1 to trigger part of 
the stress response 







Increased CRH 
production is 
associated with 
Alzheimer’s. 


Time between heartbeats varies when 
feXete) 0) (=¥r= 1 R= A=) t-b,<=10 Pre] ale ol =exe)aal=som nate) a> 
regular when they are stressed 


DID YOU KNOW? According to the Stress in America survey, the top causes of stress are work and money 


Dealing with distress < 


There are several coping strategies that can help tocombatstress (  _ 


Th 

Exercise , ee 
The fight or flight response prepares your ae 
9 
ae 


body for activity, so use up that nervous 
energy by exercising. Exercise also releases 
natural endorphins that boost your mood. = 










Talk 


People are social creatures, and the phrase 
‘a problem shared is a problem halved’ 
didn’t come out of thin air. Seeking support 
can help to reduce stress. 





Believe in your body 
Some studies have shown that stress is more 


harmful if you believe it is harmful. Trusting that 
your body is preparing you to cope helps to 
minimise damage. 





Help others 
Going out of your way to help other people 
when you are already stressed might 

seem counterintuitive, but it can help to AS opal. 


give you purpose and perspective. se ! 


Take care of yourself 
Some people seek comfort in damaging 
activities during times of stress, but nicotine, 
alcohol, food and other addictive substances 
don’t help the underlying problem. 


Make a plan 
Sometimes there are things you can’t change, 
but identifying the areas that you can and 
making a realistic plan to tackle them can help 
to guide you through stressful times. 











Try mindfulness 
Stopping and focusing on the present 
moment through meditation or 
mindfulness can help to change the 

way that you think and feel. 


Keep a stress diary 

Noting down the things that trigger 
feelings of stress can help you to prepare 
for them in the future. 
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Boomerang science 


The secret to the strange flight path ofa 


boomerang is in its wings 


stick will tumble through the airina 
relatively straight line before crashing to 
the ground, but a boomerang curves ina 
wide arcand comes right back to your hand. The 
key is inits shape. 

Boomerangs have two wings, each with an 
aerofoil design: one side is flat, and the other side 
curved. This shape changes the flow of air across 
the aerofoil, creating a difference in pressure 
above and belowit, which generates lift. But this 
is only part of the story. 

The placement of the wings is the secret to 
getting the boomerang to return. The sharp, 
leading edge of each wing face the same way, 
turning the curved stick into a kind of propeller. 


Flight path 


What happens to a boomerang 





Boomerangs are thrown upright, and as they 
leave the hand they start to spin. As they travel 
through the air, the top wing spins forwards, 
moving in the same direction as the throw, while 
the bottom wing turns backwards, moving 
against it. The combination of the spin and 
throw mean that the top wing moves faster than 
the bottom, and as this happens, the boomerang 
starts to tilt. The effect is called precession. 

The boomerang has angular momentum and 
spin, and it will try to keep spinning in the same 
direction unless a force is applied. But the 
fast-moving top wing pushes it out of line. The 
boomerang leans to the side, turning full circle 
before coming back to where it was thrown. 


as it flies through the air? Leading edge 
The top wing moves Aerofoil 
through the air faster The boomerang’s wings 
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Lift 


~ 
“NS Throw 


The boomerang is 
thrown upright, so 
that the top wing 
spins forwards. 





than the bottom wing. 





The shape of the 
boomerang, and the 
spin as it’s thrown, 
generate lift. 


are shaped like airplane 
wings, with a flat side 
and a curved side. 


Return 

The boomerang 
moves in an arc as it 
spins through the air. 


Boomerangs spin 
through the air like the 
propellers of a helicopter 


boomerang to twist. 


Do all 
boomerangs 
come back? 


Xero) gal=la-]alesowr-]aomir-] anole lcm ke) aero) anlialem oy-[e1 anne) 
their owners, but though this feature is 
interesting, it’s not very practical. Returning 
loxeXe)aal=)e-]ale i=] com ke)’ Acom ol] mdal-Me)alellar-] 
loxeXeyanl=le-lale Sm iclaomalelaidiace mucst-] ele)alceer-lalemihvlale 
da) aelelelamanrcw-l/allam- Mile (=m) com" (ell) (em ant-].<-mualclan 
difficult to aim. 

mlUlaldlavem ekele)aal=)e-lalelow-]a>)almme(=t-)(e]al-le mi komere) aal= 
back. They are precision throwing weapons, 
‘oxe) ahs} i gu (oancle mm Kom ol-M e) (ele (=) ar-]alemal=t-NVi(2)ar- ale mine 
stop when they strike their target. Rather than 
lave \ alate MANNZOM=1e10l-lIelelaviclemr-] aaatcMmelal=B-(e(o is 
fo) aK=)aM (o)aeliamdar-jamual-Meldal-lemalciie)ialemuntslsamuomeis)s 
dal qelele]amunrew-]] axel 0|(o14hvar-lalem-(erele] @-10-)\VA 


DY=Yo)(oad Le) atsme)im eXele)nalzle-lalesom olclialemeisicvomnomalllars 
appear on some of the world’s oldest rock art 





Angular velocity 
The boomerang spins 
around its centre point as 
it cuts through the air. 





Precession torque 
The difference in air flow 
over the top wing compared 
to the bottom causes the 
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We send projects of your choice into 

‘Near Space’ on weather balloons 

with the REAL background of Earth's FACE IN 
atmosphere merging into the SPACE 
blackness*of space. Get images & 

videos back with the vast expanse of 

space as the backdrop. 


Previous examples: 

Heart Radio's 'Face In Space 
promotion 

Energy Drinks Commercial 
Business Cards In Space, 
Wedding Proposals 

Special Messages 

Viral Videos 

Selfies! 


Selfie Squares! 

Buy-1 Selfie Square on our shared 
launch for only £149 when you 
quote "How It Works"! 


- Summar y Flight Video to share 
on Facebook 


- Personalised Space Certificate 
>; Framed Photo 


Telephone: 01179 512965 
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Sunlight and skin 


Sunscreen stops UV 


Our star kicks out some serious radiation, but what See al 
does it do to our skin? ‘A 
e’ve all heard of the damage that sunlight can inside, and it can also trigger the formation 
do to skin, but different parts ofthe spectrum of the brown pigment, melanin. Longer 
interact with our cells in different ways. wavelengths ofinfrared light transmit heat, making skin 
vee light (the light we can actually see) is feel warm, mame shorter wavelet u ultraviolet light How deep under the surface can 
responsible for revealing the colour, texture and tone of are responsible for sunburn, ageing, wrinkles and even the different wavelengths of 
our skin as itis absorbed and reflected by the molecules skin cancer. light penetrate? 


The shortest UV wavelengths are 
filtered out by the atmosphere before 
they even reach the skin. 


Medium wavelengths of ultraviolet 
light don’t get far, but they can still 
cause burns and skin cancer. 


_ The longest UV wavelengths sink 
deep into the skin, contributing to 
ageing and wrinkles. 





The light we can see travels deep into 
the skin, revealing blood vessels 
under the surface. 


People with the condition albinism 
have very little or no protective 
pigment, allowing light to penetrate 
their skin easily. 


= Pigment, known as melanin, helps to 
protect the skin from damage by 
absorbing UV light. 


The more pigment the skin has, the 
better protected it is against damage 
caused by the Sun. 


Infrared light travels deep below the 
surface, warming the skin. 
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Scientists are developing devices that can artificially replicate photosynthesis 
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Photosynthesis in action 


This simple process keeps life on Earth supplied with energy 


Sunlight streams onto the Earth’s 
surface every day, supplying an 
estimated 175 watts of power for every 
square metre of our planet. Most of this 
light is reflected, absorbed or scattered, 
but some of it is captured by green 
'o) Fe Tal acom o)a)Yane)e)i-]a),qke)amr-lare| 
cyanobacteria. These organisms then 
use it to create the building blocks of life, 
powering almost every living thing. 
Using the Sun’s energy, these 
fo) cerelalisinatomue-lalsiie)agaker-]aele)amel(e).<(e(e¥-lare 
water into a sugar called glucose, which 
is then used for respiration. Oxygen is a 
by-product of this process, which is 
known as photosynthesis. 
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'@x=)|[Xer-] 0-1 0)(=Me)mmue-laciie)aanliare Ker-laeye)a) 
dioxide and water into sugar and oxygen 
are known as photosynthetic. They 
contain pigments that absorb light; when 
the Sun shines, electrons inside the 
'o)(e]pal=\pl ecm ol-\exe) gal=K=).olltc\er-] ale 0) gcy-1.¢ 
away from their atoms. The cells then 
shunt these through an ‘electron 
lige] ats) ole) a meral-|[aWemcine)alalemualclia=alsice\valal 
Iaale)(cle18] (etsMer-]|(2\e WAU mar] ace MAD) od a aS 
energy is then used to build sugar 
molecules. In order to keep the system 
running, the electrons are replaced by 
splitting water molecules, creating 
oxygen in the process. 

The most well-known pigment is 
chlorophyll A, which absorbs red and blue 
light and reflects green, giving plants 
1uasliairelanllitclmale(ee 

















DIOXIDE AND THE TEMPERATURE. 








Plants capture energy from the Sun 
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OUR OUICK-FIRE GUIDE TO HOW PLANTS 
CAPTURE Aye Ae hele SUN 


@ Sunlight 
Mite] svemice)pamuatsmolelaBiial (otomaaem ©) [-]a) ms 
leaves, hitting the cells inside. 


@ Chiorophyii 

(Orel ai r= ]] amers)| omexe)al -]/ameral(e)ae))a)val me-lare. 
as the sunlight strikes, electrons 
become excited. 


@ Water 

The plant takes in water and splits 
the molecules into oxygen, electrons 
FValom anvce|qeyelslam(e)aice 





4 Oxygen 
The oxygen can either be used by the 
plant, or released into the air. 





cy Hydrogen 

ai arewaycelceye(=lam-1X0) galow-] «osy- hire m Kon 812) 
UisXeloM [am eleliceliace miele l-]aupare)(-\el0|(=somal 
the next stage. 
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@ Sugar 


WM al-Wasscieliemicm e)e-lalecsals\mcielere] a 
molecules, which can be used for 
rlal=l ae hVme) ars Komtal=m ole] i (ell arem e) (ele! .comce)e 
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THE SPEED OF PHOTOSYNTHESIS IS STORED ENERGY TO BUILD SUGAR 
AFFECTED BY THREE KEY FACTORS: THE MOLECULES DOES. THIS PART OF THE 
AMOUNT OF LIGHT, THE AMOUNT OF CARBON PROCESS IS DONE BY MOLECULAR 
MACHINES CALLED ENZYMES. IF IT IS TOO 
IF THERE’S TOO LITTLE OF EITHER OF THE COLD, THE ENZYMES CAN'T MOVE FAST 
KEY INGREDIENTS - LIGHT AND CARBON ENOUGH TO PERFORM THE REACTIONS, 
DIOXIDE - PHOTOSYNTHESIS SLOWS DOWN. AND IF IT IS TOO HOT, THEY CAN BECOME 
IF THE SUN IS TOO BRIGHT AND TOO MUCH 15) o9\\ MO) OM MO) ate) s PLN ed oe 
LIGHT REACHES THE LEAVES, THE PIGMENTS PLANTS ALSO NEED MAGNESIUM. IT IS 


use this energy to build sugar CAN BECOME DAMAGED. USED TO MAKE CHLOROPHYLL, AND 

Higetes | ne Fath , CAPTURING LIGHT FROM THE SUN DOESN’T WITHOUT IT THE LEAVES TURN YELLOW AND 
e process. Without photosynthesis 

most lifelon Earth wouldnt came: RELY ON TEMPERATURE, BUT USING THE PHOTOSYNTHESIS SLOWS. 
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Carbohydrates explained 


These biological building blocks are an essential 
food group that we need to eat to survive 





arbohydrates are sugars, starches and ; 

fibres, and the word ‘carbohydrate’ gives a Fibre | : Se 

Nyro b hei i Some long carbohydrates cannot 

it of a clue about their structure. The be broken down by our digestive Cellulose 
‘carbo’ part stands for carbon (C), while the ‘hydrate’ systems. Collectively, these are This type of carbohydrate 
bit refers to water, in the form of hydroxyl sYOups known as fibre. They pass all the is another long chain of 
; way through the digestive system, glucose made by plants, 

(OH-). They have the simple formula C,(H20).,. helping to keep things moving. but it can’t be digested. 


Carbohydrates are divided into four major 
categories based on their size. The simplest are 
monosaccharides, or ‘simple sugars’. These single 
blocks are made up ofa small number of carbon 
atoms, attached to hydrogen and oxygen atoms, 
and include glucose, fructose and galactose. Then 
there are the disaccharides, or ‘double sugars’, like 
sucrose and lactose. These are made from two 
simple sugars bonded end-to-end. 

Finally, there are the oligosaccharides and the 
polysaccharides, meaning few and many sugars 

* respectively. Oligosaccharides are chains of 
between three and six simple sugars, and 
polysaccharides are even longer, with chains of 
simple sugars that can be linked together in | 
their thousands. 
















Galactose 

This simple sugar is mostly 
found bound to glucose to form 
lactose, but it can also be found 
on its own in nuts and peas. 





© Lactose ce © Sucrose 
Lactose is ‘milk sugar’, and is This is the familiar sweet-tasting 


made from glucose and table sugar. It’s made from a 
galactose bonded together. combination of fructose and glucose. 
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Lactose intolerance is the inability to break milk sugar down into its Component parts 


“Our bodies Where to find them 
evolved to run shapes and sizes in different foods 
OM SUQOr Monosaccharides 


These are the ‘simple sugars’. They form 

structures with at least three carbon atoms 
arranged in slightly different ways, which affects how the 
body processes them. 


Glucose ee 

Glucose isn’t often found Disaccharides 

on its own in foods, but is These are the ‘double sugars’, made from two 

a key building block of simple sugars joined end-to-end. They come in 
bigger carbohydrates. different varieties depending on the types of simple sugar 


that they contain. The body splits them into simple 
sugars before use. 


Polysaccharides 

These are the ‘many sugars’, made from long 

chains of simple sugars, either joined end-to-end 
in chains, or joined side-to-side to form large, branching 
structures. These are sometimes known as ‘complex’ 










carbohydrates. 
/ Maltose 
This two-part sugar is tat 
made from two Staal 


molecules of glucose. 
It is sometimes known 
as ‘malt sugar’ and it 
can be found in grains. 


Potatoes, wheat and corn 

contain lots of these complex 
carbohydrates. They are long 

chains of glucose made only , 
by plants. 








Raffinose 

This is an oligosaccharide, 

with three simple sugars Fructose 

attached ina chain. It’s Also known as ‘fruit sugar’, this 
found in beans, cabbage, simple sugar is found naturally 
sprouts and other veg. in fruits and honey. 
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How glow sticks work 


They’re used by partygoers, campers, diversand other The colour of a glow stick 


depends on the colour of 


outdoor adventurers, but what makes a glow stick glOW? __ the aye that’s inserted 





glow eck isa nae Plastic tube ; Glass vial 
plastic tube that contains The outer shell of a glow e The alass viakeontannes 
two liquids: hydrogen stick is a translucent plastic a hydrogen peroxide solution, 
peroxide and diphenyl oxalate. The tube that starts off straight. 7 all ] 4 which it keeps separate from 
; ww the other solution. 
latter is also mixed witha fluorescent 
dye. The diphenyl oxalate and dye 
solution flow freely in the glowstick, - 
whereas the hydrogen peroxide am 





solution is contained ina fine, glass y 
vial within the tube. When the stick p } 
bends, the vial breaks and the liquids é z= 
mix together. Main solution 

Achemical reaction then occurs, incidetheimaintube 
knownas chemiluminescence, flows diphenyl oxalate 


and a fluorescent, 


coloured dye solution. Bending the tube 
When the tube is bent, 


which results in a glowing light. This 
happens as the electrons inthe dye 


rise to a higher energy level, become the vial snaps, releasing y 
the solution. 


excited, and then release coloured 
light as they fall back down. 





See how chemistry plays a vital role 


in putting the glow in your glow stick 
. 9 9 pete Coloured 


glowing light 
The glowing light will 
be the same colour 
as the dye. 


: Chemiluminescence 
When it bends, the vial _ Sec phe 
breaks and the liquids mix mn called chemiluminescence. 












It’s believed that 
machinist Henry 
Ruschmann invented 
glitter in 1934 
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Hovercraft 


Inside the vehicles that are 
equally at home on land or sea 


nthe mid 1950s, British engineer Sir permanent puncture”. Just four years later, the 
Christopher Cockerell set to work with a cat world’s first hovercraft, the SR.N1, crossed the 
food can, a coffee can, anindustrialair blower English Channel -a totally new form of transport 
anda pair of kitchen scales. Hisideawasto prove had been born. 
a concept fora vehicle that would float ona Although initially a military secret, by the end 
cushion of air and, inso doing, reduceits friction ofthe1950s the hovercraft was declassified with 
with the surface of the sea while also allowingit theaim ofkick-starting a British hovercraft 
to travel across land. Propellers would beusedto industry. Saunders-Roe, the developer of the 





achieve forward motion, but getting it to hover SR.N1, hada head start, but the 1960s saw several 

was more ofa challenge. of the UK’s aircraft and ship builders set their 
The idea wasn’t a new one but, until then, sights on this exciting new form of transport. The 

nobody had come up with a practical design. first to enter passenger service was the Vickers- 

Cockerell’s plan was to abandon attempts to Armstrong VA-3, which began operating asa 

direct the air into the entirety ofthe underside of ferry between Rhyl in North Wales and 

the vehicle, the approach others had taken. Merseyside in 1962. 


Instead, the air would be pumped into a ring 


around the perimeter of the vehicle while The hove rcraft 


allowing some of it to escape into the area 
immediately below the vehicle. This, he argued, revea led 
would very much reduce the size of the engines rill does it take fora 
' Se arge passenger 
HOGI to maintain the air SUSIaCH. BR vereratt ta fda GRai? 
With Cockerell’s small-scale experiments 
proving his theory, he was soon granted a patent Cockpit 
for a vehicle he described as “neither an The cockpit of a large 
airplane, nora boat, nor a wheeled land craft”. passenger hovercraft 
: ‘ has a crew of two: a 

He also referred to his novel approach, which 

pilot and a copilot. 
has now evolved to make use of the familiar 
‘skirt’, as “avery expensive motorcar tyre witha 


Air intakes Lift fans 

The lift fans take their air Lift fans create the essential 
from the air intakes, which downward force that 

are protected with a mesh. enables hovering. 


Skirt Escaping air Skirt 

The idea to deploy a skirt Small apertures in the skirt allow some of Air is blown into the skirt that 
means that heavy, expensive the air to escape. If it wasn’t for this vital surrounds the hovercraft and 
engines can be avoided. feature, the hovercraft wouldn’t hover. constrains most of its flow. 


050 | How It Works 





Bavaria’s Steinberg 


Radar antenna Fire Brigade are 
Like any large vessel at seen here using a 
sea, radar is an essential hovercraft for 
safety feature. The rescue operations 


rotating antenna allows 
the crew to detect 

nearby objects through 
360 degrees. 
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NASA has researched the use of ag hovercraft as a cushioned landing platform for reusable spacecraft 











Rudders 

Steering a hovercraft is 
achieved by using rudders that 
direct the air coming out of the 
back of the thrust fans. 


"ATeSUTGeNCe _ Thrust fans 


With just the lift fans, a 


of Pass eCnger hovercraft would float but it 


wouldn’t move forward. 


L aabridgedel bole eet 
easily possible” | 







Passenger cabin 
Large passenger hovercraft 
accommodate passengers 
in aircraft type seats. The 

largest carried 400 people. 









Thrust fan engines 
While small hovercraft use the 
same engine for lift and thrust, 
larger models use different 
engines, probably more than 
one for each function. 











= 





Lift fans 
By elevating the hovercraft 
the lift fans allow it to travel 
at speed over the water. 






Lift fan engines 
Power for the lift fans 
comes from diesel engines. 
More modern hovercraft 
use electrical motors. 










© WIKI/ Glazyrin Sergey; Sol9o 
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Carrying just 24 passengers, this was small fry 
compared to what was soon to come. In 1968, the 
SR.N4 pioneered a cross-Channel service, 
carrying up to 400 passengers and 55 cars. 
Commercial services started in other countries 
too but, by and large, passenger-carrying 
hovercraft were a British phenomenon with 
several routes plying the island’s coastal waters. 
However, this wasn’t to last. Due toa 
combination of competition from the Channel 
Tunnel, increasing fuel costs and noise 
concerns, the year 2000 marked the end for 
hovercraft on the Channel. 

Today only one regular hovercraft passenger 
service remains in Europe. Linking Southsea, 
near Portsmouth, with Ryde on the Isle of Wight, 
a service run by Hovertravel crosses the Solent in 
approximately ten minutes, which is twice as 
fastas a catamaran and four-times quicker than 
a passenger ferry. 

Hovercraft might now be marginalised as 
passenger vessels but they remain important for 
the military and coastguard services worldwide. 
For the military, the most obvious advantage is 
their ability to transition seamlessly from sea to 
land, thereby obviating the need fora dock ora 
pier. Users include the United States Navy, the 
Japan Maritime Self-Defense Force, the Russian 
Navy and the People’s Liberation Army Navy of 
China plus, of course, the British Marines. 

To coastguards they are indispensable 
because they can be used in shallow water and 
mudflats to carry out searches in areas where 
neither boats nor 4x4s can be used. They have 
also found favour as recreational vehicles and 
even for racing. 


‘It's g very expensive 
motorcar tyre with a 
permanent puncture’ 


The hovercraft might be limited mostly to 
niche applications today but, according to some 
experts, the passenger hovercraft could be about 
to enjoy a new lease of life. Using hybrid 
technology, the newly introduced 12000TD 
hovercraft from Southampton-based company 
Griffon Hoverwork - that now serves the Isle of 
Wight - has addressed some of the concerns that 
hampered the Channel service. It might just bea 
pointer to the future. 

It is up to 30 per cent more efficient than 
previous passenger hovercraft and is also much 
quieter. According to Warwick Jacobs, hovercraft 
expert and former trustee and curator of the 
Hovercraft Museum in Gosport, plans are afoot 
to develop a fully electric hovercraft. Such 
vehicles would be quieter and more efficient 
than past models, which could see hovercraft 
brought back into regular service once again. 
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A US Navy hovercraft 
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Could the Volkswagen Aqua 
a represent multi-terrain 
vehicles of the future? 
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American golfer Bubba Watson uses a hovercraft as g buggy so he can travel across water and through bunkers 








Designing a | 
Supercraft Hybrid power 





A concept design by Mercier- Seating A petrol engine generates 
Jones combines hovercraft The Supercraft electricity for three electric 
versatility with supercar-style seats two in tandem motors, while a battery can 
luxury and performance in its open cabin. store reserve power. 


| 


i’ 
ie 


Supercraft supermaterials 
Borrowing from construction 


techniques used in the automotive 
and aerospace industries, state-of- 
the-art materials like carbon fibre and 
metal alloys are used. 


Air cushion technology 

The flexible, reinforced fabric skirt helps 
the vehicle travel over uneven terrain and 
clear small obstacles with ease. 
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(0) 0 er-] alm ol-me)amaal= 
__ pe — = water within half an 


hour of taking the 
kayak off your back 
|_| |_| 
Oo tf a on i The seat and backrest 
/ slot into the cockpit, and 
| / are adjustable, just like 
aVa , / the footrest. 


Find out about this 
foldable kayak and 
how it works 


aking inspiration from 

Greenland kayaks and the 

Japanese art of paper folding, 
Oru Kayak’s innovative design Dual functions - 
introduces the first folding kayak. ice 

Aptly nicknamed the origami kayak, | 

itis made from a single sheet of 
corrugated plastic, which not only 
makes it incredibly lightweight, but also 
means it requires no tools to assemble - 
it can be assembled in just 20 minutes. 
The five-millimetre, double-layered, 
custom extruded polypropylene gives 
the kayak structure and sturdiness 
while maintaining durability. Being so 
compact also makes it very easy to store 
and carry. 















Buckling up 
Various straps, buckles and 
latches fasten all the 
components together. 
Adjustable seats 
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Folding up 
the kayak 
When assembling 
and disassembling, 
coloured stickers 
guide you on where 
to make folds. 
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Storing and 60, 
carrying 

With no separate case, 
the kayak folds up to 
create its own box! 


Working out the various components 
and building your kayak 


How Tesla 
Superchargers work 


Discover the technology behind the electric 
car maker's fast charging facilities 



















esla’s electric cars run on direct current Supercharger stations overcomethisproblem to 8o0percentin around 40 minutes. Tesla has 

(DC) electricity deliveredfromaninternal with multiple built-inrectifiers.Oncethecurrent sinceintroduced120-kilowatt units. Home 

battery. Standard Tesla chargingstations §hasbeenconverted, the charge is transferred chargers only havea charging capacity of up to 
feed alternating current (AC) electricity from the directly to the car's battery. To prevent 20 kilowatts. In just one hour that can charge the 
grid to the battery through a rectifier in the car overcharging, a computer in the car slows the battery enough for approximately 80 kilometres 
that converts AC to DC. This rectifier is charging rate as the battery nears capacity. of travel. A 30-minute charge at a Supercharge 
necessarily small, which limits how fast the Early Supercharger stations were rated at 90 station can store enough power in the battery for 


current flows to the battery. kilowatts and could charge compatible batteries | over200 kilometres oftravel. 
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The wreck became a popular tourist site and boat tours were run for inquisitive visitors to get a closer look 


Salvaging a 





shipwrec 


How the largest marine salvage in history 
raised an ill-fated Italian cruise ship 


n 2012 the Costa Concordia ran aground with 

over 4,000 passengers and crew on board. 32 

people sadly lost their lives. For nearly two 
years it sat dormant in the Tyrrhenian Sea, a 
constant reminder of the tragedy for the 
population of the nearby island of Giglio offthe 
coast of Tuscany, Italy. 

The cruise ship had capsized after it had 
collided with rocks as its captain tried to 
perform a sail-by ‘salute’. Resting on a shallow 
seabed, most of the stricken ship was still visible 
above the water. The raising had to be 
meticulously planned. 

There were concerns that if the operation 
went wrong the ship could tumble down and be 
submerged completely. To further complicate 


Raising the _ 
Costa Concordia 


The ingenious methods that 
were used to recover the wreck 
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Anchored in place 
Anchor chains are fixed to the port side, taken 
underneath the ship and attached to retaining towers to 


hold it steady. An underwater steel platform adds support. 
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Rolling the ship 
The ship is rolled to a 25-degree angle using pulling 

cables attached to the platforms. The weight of the 

water-filled caissons helps lift the ship off the slope. 
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The salvage operation 
cost an estimated 
£700 million ($862.5 
million) and took 18 
months to complete 





matters, the wreck was surrounded by a marine 
national park with a coral reef, which plays host 
toa range of wildlife, including several 
endangered and rare species. This meant the 
raising was undertaken as a closed operation to 
ensure no debris could escape and contaminate 
the ocean further. 

When the salvation operation was complete, 
the ship was towed over 350 kilometres to a dry 
dock in Genoa, where the deck was stripped 
piece by piece and then completely dismantled 
and scrapped. Back at the wreck site, sea grasses 
were replanted as efforts were made to restore 
the seabed and reverse the damage done. A part 
of the rock that tore the Costa Concordia’s hull 
open is to be used as a memorial. 


i Aa pk Row 
Water-filled caissons 


& 15 caissons are attached to 
'~ the port side. Their weight 
helps to right the ship. 


The ship was righted in September 
2013 following an extremely 
delicate procedure known 

as parbuckling 


~ SN 

— Grout bags 
2,000 bags filled 
with grout provide a 
stable mattress for 
the ship to fall on to. 
















Artificial seabed 
Holes are drilled into the 
seafloor to keep the 
underwater platform steady. 


Floating crane 
Hydraulic pulling jacks and a 
floating crane use 6,000 
tons of force to lift the ship. 
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Maintaining stability 

Caissons are welded to the starboard side. This helps 

keep the wreck - which is now resting on the constructed 
platform - stable. 


Final raising 

The water is pumped out and replaced with air. This 
increases the ship’s buoyancy, helping to raise it off the 
platform. The vessel is now ready to be towed away. 
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How new helicopters are 
certified in order to be 
deemed fit to fly 


efore a helicopter can take to the skies, itis 

required by law to undergo aseries of 

assessments. Dick Ormshawisa UK chief 
test helicopter pilot for Airbus and his job is to 
review different types of helicopter both on the 
ground and in the air. Ormshaw is certified to fly 
15 different types of helicopter, and carries out test 
flights on both military and civilian choppers. 
Depending on the job, the role will focus on 
testing particular components. It is througha 
thorough testing campaign that helicopters are 
deemed capable of flying in different climates and 
environments across a wide variety of missions. 


MORNING BRIEFING 
8.30am 


We begin the day with a briefing. 

Weather conditions are very important 

to how the day will pan out. For 
example, if there has been a cold front recently 
the air may be too unstable to test in. We also 
check air traffic restrictions and whether we 
need to cordon off an area if we need to work on 
manoeuvres or formations. 


een ASSESSMENT 
am 


The briefing over, we assess the state of 

the helicopter and the kit within it. The 

crew (myself and the flight test 
engineer) then havea full flight brief, where we 
decide what speed we're going to depart the 
airport and with what actions or manoeuvres 
we're going to perform. 


THE TESTING BEGINS 
10am 


The helicopter examination is 

incremental, so we start off with the 

simplest procedures before moving on 
to more severe ones. After a risk assessment to 
refresh our memory on where potential issues 
may lie, the on-ground testing gets underway. 
What we test first varies depending on the 
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Dick Ormshaw has a history of naval test flying and 
previously tested how helicopters landed on ships 


Customer training is a big part of flight testing. Pilots need to 
know if any modifications have affected handling 
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DAY IN THE 
LIFE OF 


airframes we get sent, as these might need 
specific parts to be tested, such as the engine or 
the rotor. 


UP IN THE AIR 


llam 

On this occasion we are testing a 

thermal camera mounting to check for 

vibrations, which have to be monitored 
extremely carefully as they can cause damage. 
Upon landing it’s found that the HD camera isn’t 
harmonic to the helicopter’s vibration. If this 
isn’t fixed it can break equipment and is 
potentially dangerous, as harmonics cause 
vibrations which can shatter or unscrew parts 
of the chopper. 


eri RECAPPING GROUND TESTS 
— 12pm 
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After the issue has been resolved, we go 

through the initial ground results to try 

and find any clues as to why the camera 
vibrated. Up to three times as much testing is 
done on the ground as in the air. You sometimes 
discover something unexpected, which is 
precisely why flight tests are needed. 


LONG DISTANCE TESTS 
2pm 


mee 


In the afternoon, we will start putting 

the helicopter through its paces. We fly 

over the countryside, away from built 
up areas, and it needs to bea specific route just 
in case the fuel transfer falters. 75 per cent of the 
flying I do is over Oxfordshire and 
Warwickshire, and the furthest I’ve been ona 
test is Scotland and back. 


MEASURING PROGRESS 
5pm 


At the end of the day we have a debrief. 

Everything we do is noted down for 

proof if further analysis is needed. 
During the test everything I say in the cockpit is 
recorded, while a pitot static bird towed behind 
the helicopter takes independent recordings of 
the flight, which are compared to the on-board 
instrumentation to ensure all data is accurate. 


NIGHT SHIFT 
8pm 


Helicopters also have to be tested in the 

dark to check lighting equipment and 

night vision goggles. We can usea 
small hangar known asa dark room, but we 
also head out into the night. Only some 
helicopters require this type of testing, such as 
police helicopters or air ambulances, which are 
often required to be operational 24/7. 





© 2016 - Airbus Helicopters, Alvaro Beteta 
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allows information to be 


shared rapidly and reliably. 
Discover the sophisticated 
vehicles that will serve as the 




















Wide-angle vision 
Army's eyesandearsinbattle AJAX The Primary Sigh provides 
MVe (= oy-] ale) e-lanl(omvi(=\ nae) uate 
magine being a soldier ina war zone and anatomy See eed aed 
your transport sustains damage to its Find out what makes the AJAX 
; one of the British Army’s most 
armour from enemy fire. You’d probably have Be eoaieemnoured vehicles 
more confidence in your chances of survival if 
you knew the damaged component could be 
replaced there and then. That’s one of the ; } 
principles behind the design of AJAX, the ae te 
British Army’s latest armoured reconnaissance armour is damaged in 
vehicle. Due to enter service in 2017, AJAX has battle, it can potentially 
some of the most advanced battlefield sau ae 
surveillance technology available. 
Versatility and flexibility are key elements of 
its design. In addition to the base model, there | 
are five variants that have been engineered for a { 
different objectives. Since each is based on at f | 
AJAX, all share that vehicle’s modular armour ms | ff j - 
system and what is called scalable Electronic 
Architecture. Put another way, important 
hardware and software can easily be replaced 
or upgraded if they are damaged or superseded 
by better components. 
It’s not just the protective shielding and 
computer systems that are state-of-the-art 
though. AJAX has a 4o0-millimetre cannon that 
can fire five types of projectile. These can be 
side-loaded to leave more room in the cab fora 
crew of up to four anda supply of spare parts 
and ammunition. 
AJAX has been designed to play a central role 
in the British Army’s contribution to 
Intelligence, Surveillance, Target Acquisition 
and Reconnaissance (ISTAR). This integrated 
international approach is intended to help 
commanders make better combat decisions. 
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Attacks from below 


ee 


Sanh * the AJAX include suspending 
- Vehicles atacostof =" their seats from the roof. 
£3.5 billion.$4.4 billion) © 
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The AJAX was originally called the SCOUT Specialist Vehicle (SV) until tt was renamed in 2015 
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comparatively small and can travel up 
to 1,500 metres per second. 
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Diesel reyatet lave 
The 805-horsepower diesel Classed as a ‘medium-weight’ 

engine gives the AJAX a top é "== vehicle, AJAX can operate under 
cone (o) o)V{-) a AO) <n VA » ===") a total weight of up to 42 tons. 
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Road rollers 


Learn about the vehicles that ensure 





T e e - 

new roads don’t give us a bumpy ride Driver cab 
Moving parts Some models feature an 
oad rollers, or roller-compactors, are Modern rollers are controlled enclosed cab to improve 
used for construction projects that H | by hydraulic systems that safety and shield the driver 

|| ’ . ; 
pro Ace fe kcuracecaichas highways, Ow ro er aren’t easily damaged by the from any fumes given off 
surface being compacted. by hot paving material. 

















runways and car parks. In principle, the com pactors WO rk 


weight of the roller, in combination with the Discover the mechanics that give road 
rotation of one or more cylindrical drums, rollers the power to compress 
compresses materials on or under the ground 
to provide a firm foundation. 

As the name suggests, smooth-wheeled 

. Some rollers have sensing equipment 

rollers, such as vintage steam rollers, have that nioniters coversdeand adjists 
steel, iron or concrete drums with smooth compactive effort to achieve even 
surfaces. Generally, these rollers have a drum compaction across the surface. 
at the front but some designs complement or 
substitute this with drums at the back. 

Vibratory rollers are a variation on this 
design that achieve greater compaction 
by inducing vibration or 
oscillation in the drum. Weights 
attached eccentrically to the 
drum’s central shaft 


=a ¢ 
a a 
unbalance its rotation. The ee 


vibrations produced are — Hi. 
transmitted to the ground, Va ae: A 
causing particles in the substrate to ‘& 
settle into a dense configuration. 
Sheepsfoot and padfoot rollers differ from 
smooth-wheeled rollers by having protrusions 
sticking out from the drum. These types of 
rollers are often used to compact heavy or silty 
clays and soils. The protrusions compress the 
soil as they are thrust into it by the drum. 
Coarse-grained soils are usually compacted ani al GLUnS OP TMEIne! 
using grid rollers, which have drums made of herman rcebeniis 
steel bars that form a grid of square holes. Added weight Curve handling 


Pneumatic rollers typically have four to six Ballast, such as water or sand, Articulating swivels allow the 
can be added to drums to drum to be turned, increasing 


Hi-tech features 






Rear tyre 
Tandem rollers have front 










small rubber-tyred we at the non and increased NeiGhE snd the roller’s manoeuvrability. 
back. Some pneumatic rollers can weigh over compaction efficiency. This 1893 engraving 
25 tons. t= shows an American 


road roller that was 
used on Staten 
Island, New York 


Road rollers are often mistakenly called 
Surface contact 
steam rollers, but technically thisreferstothe — 19 increase compaction 
roller vehicles that were powered by steam achieved by static drums, road 


engines during the 19th century (see the rollers can by fitted with 
oscillating and vibratory drums. 
boxout below). 


A MODERN ROAD-ROLLER. 
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ilitary hardware has undergone major robots but they are just the tip ofthe iceberg. 
(ol a balexecm baud eloml.tsimecoloye) (sMe)ymelsver-\elarce-ts Here we put war robots under the spotlight but, 
media coverage of recent conflicts has because that’s such a broad area, we're 
revealed. Put simply, advances in weaponry have (ofo) eleccyolneclebetcmect-beevavaeyemoy-inal-vel=) (omaelelelesn 
made it possible, at least in part, to take a much While not as much in the public eye as drones, 
more hands-off approach to waging war. For these futuristic-sounding machines have 
example, the Tomahawk cruise missile, that was already been put to work in Syria and Iraq, 
famously used in the 1991 Gulf War, is capable of while future developments are exercising 
navigating itself to a target area up to 1,600 minds at some of the most prestigious defence 
kilometres away, at which point it uses cameras companies and military research 
and image analysis software to pin-point the exact establishments in the world. 
target. More recently, the Predator and Reaper Despite their high-tech image, war robots 
UAVs (Unmanned Aerial Vehicles) have come to aren’t as newas we might have thought. As long 
public attention. Known colloquially as drones, ago as 1808, electrical engineer, radio pioneer and 
these unmannedaircraft are controlled bya pilot, | inventor Nikola Tesla demonstrated a radio- 
who could be located on the other side of the controlled boat for military applications. Tesla 
Jo) EDacrem-belomers bam olombtcrcreW (oyaoleldemaclee)eber-Disist-belas failed to gain the support of the US Navy - indeed 
and attack missions. there are suggestions that he was considereda 
Intelligent cruise missiles and remotely crackpot - perhaps not surprising in an era when 
oyelnqe)iCctol-banere-bamecoyvl(eMof=uaoLoleted elmo)a-lopanblble-bqvmmmmmmvatolcim of-Ceye)(-Wa¥-lobolcar(cva@ el-t-baeKe)me-(eb (0G lo)s-va rend el= DARPA's Legged Squad Support System was 
(o (=¥-9 fe] a(e\e Mn Ko We- [oa r= }oW- Ws ge) ofe)u(om oY-ler@aalel (= 
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DID YOU KNOW? AUS Army general admitted he has had “clear guidance” to explore the replacement of human forces with robots 


current day, and closer to the modern concept of 
a battlefield robot, the Soviet Union developed a 
remote-controlled tank called the Teletank in 
the 1930s, while Germany produceda 
counterpart called Goliath that was deployed 
during the Second World War. In hindsight, the 
fact that neither proved a major success is 
hardly surprising as the necessary pieces of the 
jigsaw had not yet been developed. Today, 
however, the combination of reliable world- 
wide communications, satellite-based 
navigation and ample computing power is 
fuelling anew era of military robotics which 
might change the face of warfare. 

Military robots can be divided into three 
categories - tele-robotic, semi-autonomous and 
fully-autonomous. Tele-robotic devices are 
radio-controlled —- they are driven by human 
operators, albeit at a distance, who have control 
over every aspect of their operation. Fully 
autonomous robots, on the other hand, require 
no human intervention whatsoever. Once they 
are programmed to carry out their task they will 
perform their assigned duty using inbuilt 
artificial intelligence. Semi-autonomous robots 
fall somewhere in between these two extremes 
and could encompass a whole range of possible 
scenarios. In a military context, for example, we 
could envisage a remotely controlled drone 


Military drones such as the 
Reaper are now being joined by 


robots on the battlefield 


yA 
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MAARS battlefield robot 


QinetiQ’s Modular Advanced Armed Robotic System 
aims to assist in reconnaissance, surveillance and 
target acquisition missions 





Gunnery Cameras 
Daylight and thermal imaging 
cameras are used for weapons 
targeting, day or night. 





















Machi 
Situational achine Gun 


The primary 

Awareness Cameras weapon is an 
Pan, tilt and zoom cameras M240B machine 
provide 360-degree coverage. gun equipped with 
450 7.62mm 

rounds. 


Warning Laser 
A green laser provides a 
non-lethal warning 
device, dazzling a 
potential threat. 


| ee 
Radio 

communications 
facilities permit 
MAARS to be 
remotely controlled 
at a range of up to 
one kilometre. 


Two-way Hailer 
The hailer can sound a siren or 
enable two-way verbal 
conversation. 





Grenade 
Launcher 
Quad 40mm grenade 
launcher with 
independent controls 
permits round selection. 


Laser Rangefinder | : 
Information on the target 
distance feeds the computer 
for ultra-accurate targeting. 
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~ whodays military robots lccmelatel-19 alUinar-|pmexe) nudge) 
futureiautonomous robots'are more controversial 


which has an auto-pilot that could be enabled by 
its remote pilot for routine flying operations, just 
as a pilot would use the auto-pilot onboarda 
passenger airliner. Alternatively, a robot fitted 
with a lethal weapon could act autonomously 
right up to the point of having targeted the 
enemy but would require human intervention 
before it is able to fire. 

Part of the rationale for using robots in warfare 
is exactly the same as the justification for using 
them in other spheres of activity, namely 
improving productivity. In the motor 
manufacturing industry, for example, robots 
have long been used because they are 
considered more cost-effective than using 
manual workers for mundane tasks. Exactly the 
same applies to military robots. However, when 
it comes to armed combat, another - and highly 
important - consideration comes into play. Ifa 
robot comes under attack, the potential costis 
one of repair or replacement. Ifa human soldier 
was to carry out the same task, the risk is much 
more serious, namely injury or death. This, in 
turn leads to another benefit. According to some 
analysts, ifthe risk to human life is eliminated, 
this opens up the possibility of engaging in 
much more daring missions than might 
otherwise be considered. 

As we turn our attention to the applications of 
war robots, it seems fair to say that, in time, 
they'll probably be capable of carrying out most 
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actions that are currently performed by soldiers 
and military vehicles, although some 
applications are more obvious beneficiaries of 
automation than others. For while few people 
expect to see robots on parade, providing 
transportation and taking a load off the infantry 
are both obvious applications of robotic 
technology. Robots are also ideal tools for 
disarming bombs, and for finding and disabling 
the landmines that pose such a risk to civilians 
in previously war-torn regions. 

Reconnaissance is currently one of today’s 
primary uses of military robots, with 
surveillance relying on a wide range of cameras 
and environmental sensors. We can also 


“‘Medbots’ would be 


capable of retrieving 
Injured soldiers from 
the battlefield” 


envisage robots being used in engineering tasks 
such as carrying out excavations, and there’s 
been talk of military ‘medbots’ that would be 
capable of retrieving injured soldiers from the 
battlefield and even performing surgery inside 
armoured vehicles. However, the most 
controversial way in which robots might be put 
to on the battlefield is in yielding weapons. 
There’s no single answer to what military 
robots look like and what method of locomotion 
they employ. Of those battlefield robots currently 
available commercially, tracked vehicles are the 
most common. Carrying a range of cameras, 
sensors and perhaps non-lethal and lethal 
weapons, these look like small tanks and are 
generally manually-operated, perhaps witha 
small degree of autonomy. More futuristic are 
legged robots and several are under 
development. Inspired by four-legged animals, 
Boston Dynamics’ experimental Big Dog was 
designed as a robotic pack mule while the 
Cheetah, from the same company, can travel at 
45 kilometres per hour, making it the world’s 
fastest legged robot. Flying robots are also being 
developed for battlefield applications. Unlike the 
military drones such as the Predator that fly at 
altitudes measured in thousands of metres, 
these robots work much closer to the ground, 
allowing them to fly through windows to 
conduct surveillance inside buildings. These 
might be asimilar size to the familiar 
quadcopters but there’s also interest in micro- 
drones, perhaps as small as insects. The US 
Army Research Laboratory, for example, has 
developed a pair of robotic insect wings just 
three centimetres long, made of lead zirconium 
titanate, which bend and flap when a voltage is 
applied. The same team has also developeda 
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Robot arm 
Portable 


At just 13.2 kilograms and 
measuring /08x437x230 
millimetres when stowed, the 310 
can be carried by a single soldier. 
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The wrist is fitted 
with a gripper with 
a parallel jaw, and 
can rotate 360° to 
help grab objects. 


The colour camera can 

be remotely zoomed 

and is capable of 

imaging in low light. 
= — 
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IROBOT’s 310 SUGV is intended for 
gathering situational awareness in 
dangerous conditions 


— 








Dual flippers 
A pair of flippers assists 
in navigating rough 
terrain and can right the 
PackBot if it flips over. 













Top speed 

— The PackBot can travel across 
uneven ground with a top 
speed of ten kilometres per 
hour using electric propulsion. 














The flippers are also 


pull the robot forward. 

















millipede-type crawling robot with similar 
applications in mind. 

An exciting concept that is being researched 
for these types of micro-robots is collaboration. 
Otherwise known as swarming technology, the 
rationale is that robots can work together in such 
a way that their combined power is greater than 
the sum ofits parts. Ant colonies provide an 
example of this philosophy working in nature. 
Robot swarms may even consist of a mix of 
different types of robots working together to 
perform a complex task. 
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The manipulator extends to 
610 millimetres for lifting 
objects weighing up to 3.2 
kilograms, or it can lift 6.8 
kilograms close in. 


Military robots are already in service in 
Afghanistan, Iraq and Syria 


Additional locomotion 


indispensable when the going 
gets tough as they can be used to 


Military robots might 
seem like science 
fiction but they’re 

migrating from 


fiction to fact 








GuardBot ts a rolling robot intended for military reconnaissance that can travel at up to 3ekm/h 


TAL COAT ECR OP hha a 
aa et, VS ay es Sw yee ps s ar st eS ee WA “ 
. ee: rt, 


ne 





Ms BN 


Robotic rescue 


How the BEAR system could 
help retrieve injured soldiers 


Wheels 


Some prototypes 
feature wheels for travel 
over smooth ground. 


Legs extended 
Extending the legs provides 
the benefits of additional 
height while still permitting 
locomotion using tracks. 
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Legs collapsed 

With the legs in this position, 
BEAR enjoys the benefits of 
tracked motion, namely speed 
and agility on rough surfaces. 
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With a maximum 
height of 1.8 
metres, BEAR is 
able to look over | 
walls and lift a ies 
casualty onto ; 
raised surfaces. 
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BEAR has been tested 
by the US Army at Fort 
Benning, Georgia 





Face and sensors 
Housed in a teddy bear face, 
designed to look reassuring, 
are the sensors and cameras 

. that provide information to 

— if the remote operator. sat 





















Hands 


Occasionally BEAR will 
need to handle objects in 
its environment so its 
hands and are capable of 
precise manipulation. 


Arms 

Key to lifting and 
5 carrying a casualty, 
the arms can bear a 
load of 227 kilograms. 


© WIKI; US Air Force; Thinkstock; Shutterstock; Illustration by Neo Phoenix; Vecna; TATRC 








Micro insect-inspired robots 
pkg ze can go where their large 
— counterparts are unable to 
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So much for the technology, but we can’t leave = 
this subject without touching on the ethical | The futu re battlefield 
issues raised by war robots. One of the concerns Robot technology could change the 
expressed is that it’s morally questionable for an battlefield beyond all recognition 
army to engage in warfare without endangering 
their own soldiers. This, in turn, itis argued, 
makes it much more likely for an aggressor to 
take military action. While these concerns are 
understandable, much the same has applied Body-worn sensors 
throughout history as military hardware has In addition to robots and drones, 
advanced, Whererobottechnologyisagame= Tee REE Communications 
changer, though, is when autonomy comes into : Drones and swarming 
play, raising all sorts of questions. 25 ; robots will play an 
For a start, writing error-free code remains a A Scala ae = 
challenge to say the least. So, ifan autonomous 
robot gets it wrong and attacks friendly forces or 
even civilians, who is ultimately responsible? 
Suffice it to say that there are more questions 
than answers but the subject has been discussed 
in the United Nations, and the US Department of 
Defense currently has a ban on the use of 
autonomous weapons. 
Less controversially and more positively, the 
GPS satellite navigation system gives a glimpse 
of the possible civilian spin-offs of research into 
war robots. Designed for military use, GPS now 
powers in-car sat navs and smartphone 
navigational apps, and this is by no means 
unique. Throughout history, military 
developments have, sooner or later, reaped 
benefits to mankind. It remains to be seen 
whether the same will be true of military robots. 





Unburdened soldiers 


+ eae ' : a ates By offloading surveillance to 
Squad » 4 Core | hae === robots, future soldiers willbe |e) = a7 
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Fe) Colale kilo (=m le]aleclecem e)ce)rellaremualslaamuidameals 
information to operate as effectively and 
safely as possible. This is the rationale of a 
DARPA programme, designed to improve 
situational awareness on the battlefield. Called 
Squad X Technologies, it is envisaged that the 
initiative will involve a variety of ground-based = ; ee 
relate Wcl=late] mae) olelacmerchant=)alatemlalce)aaatclalelame)amant= 7 Ground surveillance , 
Kexors] dea meyim oXe]uaWia(-lalel\anie)aerssoi-lalemuala-yclect-lare! Ground-based robots will 
ante] .<la\eMLmr=\"Z-ll f-]e)(- nom uote) oS-Mw- eorex) gellate Mune) aa, , carry out surveillance and 
DYN 5d nate) a(= Mey imo al= Wi <¢=\Vares at-]i(=1ale(-som om ol cena lel are] : target recognition from a 
the necessary awareness without imposing = low level perspective. 
1 {=m ©) a\YAs) (or=] = ]ale Mexole| alLUAVom ol0] aelslalcw-|Ws(elerr-] Ke Ee | ; 
MiVZ14 gm fo] ge(em ol6l| qvar-]ale mere) ane) |(er-]k-\e mel |e) (- hse 


“FIYING robots 
gre-also being 
a[=)¥/=]/8]B] 18) 
for battlefield 


| “ ) ; . " 
DARPA’s Squad X Technologies programme aims gppligotions 
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DID YOU KNOW? military robots assisted in the clean-up at Japan’s Fukushima nuclear power plant following the 2011 earthquake 


Aerial surveillance 
Military drones, working on 
similar principles to 
consumer quadcopters, 
will provide surveillance 
from an aerial perspective. 


Swarm drones 
released | 
Military aircraft will 
be used to release 
swarms of tiny 

aerial drones. 


Micro drone 

In themselves micro-drones 
have a limited capability, but 
by working in a swarm they 
will offer a high degree of 
situational awareness. 


Reduced risk 

Modern urban warfare will 
rely on multiple devices to 
identify threats like rooftop 
snipers who would 
otherwise remain invisible. 





Head-up display 
Relevant information will 
be made available to 
soldiers via interfaces 
such as head-up displays. 


Swarming robots 


Tamclal ian) ®)assssihem ll lesine-ie(olame)mo\ 'r-lanaliare 
technology, the US Department of Defense 
recently demonstrated a swarm of no less than 
HKD H i \Vilalemanl(orgebxel ae)aist-em lass) el] c=\em ©\vme)(e)(eyer(or-]| 
(ore) (ol al=soMe ALU RO]MN\\c- sel sinalolelncvomualcolllelalelers 
1d ateMoN <1 aga le-som ale i hale [Or-] mae) elolucmere)anlaalelal(or-incve| 
with each other. It’s claimed that there are 
several benefits of robot swarms when 
BRR MR pesretnoe a pid fie ae (oxo) nal ovela-ve mueMsy are] (2M ae) olelace 

Rescue robot bigs eta eS os eee eae icc a ola B-it-] am Vall(eMlavel vale re] Mcelete) eel a= 

If a soldier is injured, — ee ose expensive, robots capable of swarm behaviour 

rescue robots will be able PS ee Ve are cheap. What’s more, because there is no 

to retrieve them without a, Bs ciate] (eM oLelial Me)micll UlxeMm are hdc UF] Mae) elena] ac) 

putting others at risk. Rr expendable and a few losses won’t massively 

i ae = : degrade the overall capability of the swarm. 

Supporters of the technology also claim that a 
simple set of individual rules can result in 
complicated swarm behaviour. According to the 
UO] GV Iialicita’ace) mm BL=)K=) a (ex=¥mm ole) n=) anur-] m-]e)e) |(er-he le) ars 
Taxed ele (=mane-lordlaremliare|nyalel lle] emu gelerdlalem\c=)nl(e(stor 
laste nate] ®) ©)i ale pure] actomoielavce)i Irclaleccur-] elem e)ae)valel late) 
(oro) aalanlelalior-1u(e) asm acit-\ace 
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Waste-to-energy plants 


They say one man’s trash is another man’s treasure - 
that’s exactly the case when it comes to waste energy 


n 2014, the UK generated 209 million tons of 
rubbish. Of that, 44.9 per cent was recovered 











(including recycling and energy recovery) and Control the process 
23.1 per cent was sent to landfill. We are constantly Every part of the process can 
; Hen a be remotely controlled to 
searching for a more efficient and beneficial way to monitor the output and 
dispose of SEITE, | | optimise efficiency. rf ba Ponsbustion 
Aswellas diligently recycling our rubbish, PAPERS Rubbish in the combustion 
waste-to-energy plants provide one alternative to chamber burns at 1,100°C. 
The waste is constantly 


landfill: the waste is disposed of and used to 
provide energy to produce fuel and electricity. 


There area few different ways that this can be a 
done using thermal energy and biological Ins ide rs | 


processes. Thermal processes involve methods Wa ste =to = 
like gasification, thermal depolymerisation and en er gy p ' a nt 


pyrolysis; all rather complex procedures that 
essentially use the application of high Check out the work that goes 
temperatures to break down the waste and release SAREE SSH GLETL a a uN 
energy. The non-thermal waste-to-energy 
processes use microorganisms to decompose 
organic matter and release biogas. These processes 
often take much longer but are considered much 
more eco-friendly. 

The advantages of waste-to-energy technology 
are that less waste gets sent to landfill. This means 
less methane -a damaging greenhouse gas - is 
produced from decomposing rubbish and less 
leachate (which pollutes groundwater) leaks from 
the site. Another advantage is that more energy can 
be created without burning fossil fuels and 
releasing greenhouse gases. However, despite the 
advantages, there are also some serious | 
environmental concerns. 

The burning of so much mixed waste can release 
harmful chemicals, such as dioxins and furans 
(carcinogens released by burning plastics such as 
PVC) as well as heavy metals, acidic gases, sulphur 
and nitrogen oxides and particulate matter. 
Although there are many pollution control 
processes in effect, not enough is yet known about 
the extent of the chemicals released and their 
impact on the environment and human health. Rubbish collection 


Waste is collected from 


Recyclable materials homes and deposited at 
Materials such as plastics, glass the waste-to-energy plant. 
and paper should be separated 

from other waste and 


processed at recycling plants. Waste materials 
The rubbish is mixed 
thoroughly before being 
transported and added 
into the incinerator. 


moved around and supplied 
with oxygen to ensure an 
efficient burning process. 





Landfill sites are lined and sealed to hold rubbish 
and then buried when the site is full 
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DID YOU KNOW? 23%of renewable energy Is from waste-to-energy facilities — equivalent to using 726,oc00tn of crude oil 


“Less waste gets sent to landfill and less methane 
Is produced from decomposing rubbish" 


Electricity generation 

The electricity produced is supplied 
to the grid for distribution. One ton 
of incinerated waste can power a 
household for a month. 


Steam power 













Super heating The steam generated is then 
As well as burning the channelled to power large 
rubbish, the combustion turbines, which are attached 
chamber heats a boiler, to electricity generators. 


which generates high 
volumes of steam. 





Efficient water 
Some steam is cooled and cycled ae 6 6 6 
back into the heating chamber, and oro” 


some is channelled to provide central fl i 
heating for the plant’s buildings. 


Vapour released 

After the environmental controls 
and recycling of by-products, the 
large chimneys pump out the 
excess water vapour. 











eeeee5eeee0eee@e= Pollution control 
Flue gases are precipitated, filtered and 
scrubbed to remove hazardous chemicals like 
heavy metals, nitrogen oxide, dioxins and furans. 


eoceoceceoec ooo eoeoeoeo eee eee eee eee eee eo 





Ash products By-product uses 

The bottom ash goes through a The larger particles of unburned 
magnet to remove metals for waste (called bottom ash) can be 
recycling. Fly ash is captured, used as aggregate for building 
filtered and then sent to landfill. roads and railways. 
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+ 
Widely used on sports 
pitches, artificial turf can 
also be used in gardens 





Artificial t 


From sports stadiums to parks, synthetic 
surfaces are an effective alternative to grass 


rtificial turfis a practical and realistic fibres, typically made of nylon or polypropylene, 
substitute for grass used across the which are supported by a layer of sand or small 
world for sports and recreation. rubber pellets at its base. 

First invented in the 1960s, it can be laidin Artificial turf also has the benefit of being 
places where it is difficult to grownatural grass, | more durable, soit can cope with repeated use 
such as in covered stadiums or inner-city and intensive wear during sporting events, and 
locations, where sunlight is limited. Modern is comparably low maintenance without the 
artificial turfis comprised of synthetic ‘grass’ need for watering or mowing. 


Grass-like fibres 
Below the surface Plastic fibres provide a lush 
How a combination of materials creates the perfect yet robust alternative to 


artificial surface for many different sports grass that is designed not 
to flatten when impacted. 


Infill 


Up to 21 layers of cryogenic rubber 
cushion can be used. The amounts 
vary for different purposes. Less 

rubber results in a softer surface. 











| 


Shock pad 
A shock pad gives the turf 
the strength to withstand 


impacts yet the softness to 
be comfortable for use. 








The perfect pitch 
Surfaces can withstand 
temperature changes 
and heavy rainfall. 


Backing 

The woven polypropylene 
fabric backing is permeable 
and allows surfaces to last 
for up to 20 years. 






Drainage 
Artificial turf has a porous 
geotextile layer that drains 
just as well as natural grass. 
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ames Dyson clearly didn’t believe in the 
phrase “ifit ain’t broke, don’t fix it”. 
Vacuum cleaners had been popular in the 






N home for years but the innovative inventor 
Dyson was made a . believed he could improve them. Dyson first got 
Commander of The . his idea in the 1970s after he became irritated 
British Empire in > ie . ’ ’ 
1998 and was ) We, with dust clogging his vacuum cleaner. 
knighted in 2006 : Growing frustrated with his own bagged 


vacuum cleaner’s diminishing performance, his 
eureka moment came when he considered 
applying the same principal he’d used to design 
a cyclone tower in his factory. The machine used 
centrifugal force to separate paint particles from 
air, inspiring Dyson to employ this concept in his 
new vacuum cleaner design. He believed 
cyclonic separation could be incorporated intoa 
much smaller, bag-less device. 

After five years of trial and error his first model 
was ready. The system received unenthusiastic 
feedback at first from vacuum cleaner 
companies who scoffed at the new idea. In fact, 
only one company took a chance on the new 
cleaner and decided to buy it in 1983. Branded as 
the G-Force and sold in Japan, it was only made 
in bright pink and retailed at the equivalent of 
£2,000 ($2,514). It was a huge success. Its 
popularity meant it received a US patent in 1986 
and won a design prize in 1991. Due to the large 
cleaning companies having no interest in what 
he had to offer, Dyson set up his own company, 
with a base in Wiltshire. Promoted by the slogan 
‘say goodbye to the bag’, just two years later it 
had become the top-selling vacuum cleaner in 
the UK, and Dyson was a household name. 

The Dyson vacuum continued to growin 
popularity. It was put on sale in the US in 2002 
and within three years it had become a market 
leader. Not content with just one best-selling 
invention, Dyson went on to release more 
products to critical acclaim. The Airblade was 


S ; J 
released in 2006 and is now frequently installed 
in public bathrooms as a superfast hand dryer. 
Three years later his next invention, the Air 
Multiplier Bladeless Fan, was the first 


development in fan technology for overa 
century. A ring-shaped device, the novel design 


The famous British inventor with al generated a constant and amplified stream of air 
illustrious list of novel creations despite the lack of blades ora grille. 
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WO RK James Dyson Dysonmoves’ A year later, Dyson founds his Dismayed at The G-Force is 

is born on 2 toLondonand Dyson attends own company clogged air introduced in 
A closer look at the MayinCromer, enrolstostudy the Royal College andcreatesthe _ filters, Dyson Japan, quickly a 
life of one of the Norfolk to at the Byam of Art to study Ballbarrow to decides totryand becominga a" 
world’s most Alecand Mary Shaw School furniture and help improve install cyclonic huge success — 
innovative inventors Bolton Dyson. __ of Art. interior design. manoeuvrability. separation. for Dyson. . 
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The big idea 


How cyclonic separation was 
downsized into a vacuum cleaner 


The technology is a system of clever yet 
simple physics. Dirt and dust is sucked up by 
quickly rotating brushes and swirled around 
by a powerful fan. It is then separated at high 
speed by centrifugal force around a central 
cone. The heavy dust is brought to the side 
and gravity does the rest as it settles at the 
bottom of the cylinder. The dust is then ready 
to be released and disposed of. Meanwhile 
the air that has been separated from the dirt 
is purified by two filters that remove the 
smaller dirt particles. The clean air is then One of the mechanism’s greatest advantages is 
released back into the room. that it doesn’t lose suction as it picks up more dirt 





Most recently, Dyson has applied his patented i Wit A | hn t A ree Uy ears 


Air Multiplier technology to completely redesign 


the nates The Supersonic was released in OF?) Sd l C [ nM th C US : th = 
2016, following four years of product D U son vacuum h g d 


development and over 600 prototypes. 


Anumber of other companies now sell b CCOMeC ad 
vacuum cleaners that use cyclonic technology, mar ket | eg d er ” 


and Dyson itself does business in over 65 
countries. James Dyson may not have been the 
first person to think of using a cyclone to remove 
dust, but he was the first to realise that it could 
work in the humble vacuum cleaner. His idea 
revolutionised the industry. 





Bladeless fans are 
rT aloldal=) am D)VAsvo) a) 
invention that 
Taalelaenicre me) a) 

Corey anvielala(elare]| 
aatcxevar-lalisiaass 





The ContraRotator washing machine didn’t replicate the 
incredible success of the Dyson vacuum cleaner 














Dyson’s vacuum cleaner has been improved by the 
Ballbarrow, which makes it even more manoeuvrable 





1993 2002 2015 2016 





The Dyson Dual The James Dyson The first ever filterless The Dyson Supersonic is 
Cyclone becomes the Foundation is set vacuum cleaner is released. Its motor spins 
best-selling vacuum up to support the created by Dyson. It six-times faster than any 
cleaner in the UK and teaching of design uses flexible rubber other hairdryer, generating 
the company opens and engineering nozzles that are able to air speeds of up to 170 

its first plant. with grants. separate dust particles. kilometres per hour. 
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How digital pens work 


Say hello to the future of 
note taking, with pens 
that are able to talk to 
your computer 


evolutionising the way we take 

notes forever, digital pens use 

the same kind of technology 
that optical computer mice have used 
for decades to understand what we 
write on paper and translate it toa 
digital platform. An LED and light 
receiver track the way the pen moves 
(helped with compatible digital paper 
in some models), which can then be 
uploaded to a computer where a 
digital version of your handwritten 
notes will be waiting for you. Some 
models can simply turn your 
handwriting into a digital file, while 
others can translate your notes into 
handy text documents. 


The handwriting hardware 
that helps you say goodbye to 
typing up your scribbles 


"A receiver tracks the 


pen as it moves” 


Bluetooth antenna 

Some models can transfer 
through wired connections, while 
others use wireless methods 
such as Bluetooth connectivity. 





Memory unit 
The pen’s internal memory 
stores each writing file until 
you are able to upload the 
data to your computer. 










Image processor 
Used with digital paper, the 
processor calculates the 
exact coordinates of pen 
strokes to digitise writing. 






Battery 

A rechargeable 
battery allows for 
hours of wireless use. 










Pressure sensor 

The sensor detects the 
pressure of your writing for 
an accurate representation 
of your handwriting. 





Ink 


A refillable ink cartridge 
helps the user to write more 
naturally for optimal use. 


Optical units 

An infrared light and CMOS 
camera capture the pen’s 
movement over the paper dots. 
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DID YOU KNOW? Amazon has released instructions for building ag DIY Echo-like device that works with the Alexa Voice Service 








6. Alexa App 


j: The app will also flash 
How _ ex senhe 
— Echo icccuaia far- tablet to show you 
reaching microphones any visual data that 
iy record your voice from you've asked for. 


anywhere in the room. 
Gatsi(olspANaatsvAelakcmbaleacrenle)ia 
digital assistant, set to 
revolutionise homes forever 


amed after the ancient library of 
Alexandria, Amazon’s virtual personal 
assistant, Alexa, is intended to rival even : — 4. Skills in action 
the most competent of human aides. Enabled d eay ania | — —7 ie Leama rn 
devices, such as the Echo unit, include a series of This oie Sa cea Wale af a ee ei ere Rn 
speakers and sensors that work together, up the Echo unit and get ie back to your Echo. 
centrally controlled by Alexa. Alexa to start listening. , 
Alexa is the wake word for the Echo smart 


speaker. This is furnished with seven 











| 3. Alexa Voice 





microphones and uses beamforming technology : a, Service 
to hear you from wherever you are in the room. = Using the internet, the 
Users simply need to say ‘Alexa’ followed by their S. Alexa speaks | , recording is sent to” 

: Alexa then tells you Amazon’s cloud, which 
request and the Echo or Echo Dot unit closest that therequest is Snaivscetneeaucs’ 
will then respond. completed, and you 


Once you've said your request, Alexa uses a will then hear the | 
programme called Alexa Voice Services (AVS) to enn ae 
send the recording via the internet to Amazon. 

Alexa has a predetermined set of ‘skills’, which 
Amazon is constantly updating and adding to. 
When the recording is sent to Amazon’s cloud 
service, the skill is identified and then actioned. 
The data is sent back to your Echo and you'll hear 
Alexa’s voice confirm it or give you the 
information before completing the task. 


Alongside this, the companion Alexa app for 
tablets and smartphones will show youa Meet the - 
iced lenievelmea esl o)eulerclma=jeyacwicvalrclaloyemecie (eleeetses| Alexa fa pal ly 


weather report or task list. 





Oh arsmertiadialeprave(e(-mucvoupmaer- lan) 
rouarelaleliavemarelantsmeiaiclme-lialeaccyare 


Echo 
A An interactive speaker and smart 
: = Tap atelanteM alelofm sXevateMexe)alalqvei km 7iaa| 
ee PNaW (ey e-Revareley (cVe ofeat=] 6)(= I\(eyecuele) \Vanallsiiem at-\Wict-lare! The Alexa family can 
Bluetooth speaker, Tap provide information. revolutionise the way you 
streams your music from listen to Ue and run 
& WiolU lame) ateyal-Me)ami-]e)(-imr-lare! your entire home 
links with Alexa when Fire TV 
connected to Wi-Fi. Amazon’s Fire TV stick plugs into | Kod arom Dye) i 
a TV to stream all kinds of digital A versatile speaker, like Echo, but newer 
raatexe [te Pw AValr- (exexe) pal ey-la\vdialemyce)(ex=) Fl alemelet=1(e]a(cvom kom alele) a0] OM -\(=> ¢-lm (0) mu isi=) 
remote has a button that you can with your existing sound system. 
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© Illustration by Adrian Mann 
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LE HISTORY 
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ust before midnight on 31 December 2016, the 

world gained an extra second to compensate 

for the fact that Earth’s rotation is ever so 
gradually slowing down. Modern atomic clocks 
are too accurate compared to Earth’s inconsistent 
spinning speed, and they tick away at the same 
rate for millions ofyears. To ensure our standard 
time continues to match our atomic clocks - which 
provide astable timescale - 26 so-called ‘leap 
seconds’ have been added since 1972. 

Today, the human race can tell the time with 
ease and exceptional accuracy, but it wasn't 
always that simple. At first the only way was to 
locate the Sun in the sky, and sundials were the 
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first timepieces to appear in ancient civilisations 
like Egypt, China and Greece. Naturally with the 
changing of the seasons altering daylight hours 
this system was flawed and various methods were 
invented to try and tell the time more accurately. 
As wellas devices, there also needed to bea set 
numerical system to measure time. The numbers 
used to calculate time were first theorised by the 
ancient Sumerians, who devised the sexagesimal 
system. It’s theorised that this was based on 
counting on their hands, using the thumb of one 
hand to count the three joints in each of the four 
fingers to reach 12. Using the five digits on their 
other hand to tally the counts of12, this system 





allowed people to count to 60 using both hands. As 
60 is also divisible by many smaller numbers it 
was the perfect number to centre on. Another 
figure that was used and considered important by 
ancient civilisations was 12, as it was the number 
of lunar cycles every year. This number is an 
important one in timekeeping, finding its way into 
day and night, which are divided up into two 
12-hour periods, and the 12 months. 

Thus, the standardised idea of time was born 
and unanimously incorporated (the French 
attempt to create a ten-hour day with 100-minute- 
long hours in the late 18th century aside). But this 
was only the beginning. 
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DID YOU KNOW? ‘Calendar’ comes from ‘calare’, Latin for ‘to proclaim’, as Roman priests would announce each new Moon 


Shadow 
clocks 


The simple yet effective 
mechanisms that used 
the Sun to help to tell 
the time 


The first timepieces were sticks that measured the 
length ofa shadow to give a rough indication of the 
time. These sundials became more elaborate and 
were later developed to point to the nearest pole to 
be more accurate. They helped divide the day into 
hours, but were not sophisticated enough to take 
the weather into account - they were useless at 
night or on overcast days! 

The Egyptians improved on sundials with the 
invention of the merkhet around 600 BCE, which 
could be used at night. Lined up with the pole star, 
the time was measured by known stars crossing 
the line. 








History of calendars 


Months and years were first devised after ancient 


| 


Movement of the Sun 
Different lengths of shadows 
are created as the Sun moves 


from east to west. 


T-shaped bar 
The bar at the top separates 
the day into 12 parts in line 


with the duodecimal system. 


Morning to afternoon 
Morning hours appear on one 
side of the sundial while the 
shadows of afternoon hours 
are presented on the other. 


civilisations gazed up at the stars 


The Moon has a near 30-day cycle from new to full 
and to new again. This helped conceive the idea of 
amonth and was the first method that humans 
used to measure time without using the Sun. 

Other early markers of time were the 
beginnings ofa rainy season or the appearance of 
the star Sirius, which in ancient Egypt coincided 
with the annual flooding of the Nile. The next 
progression was the Julian calendar. Invented by 
the Romans, it was based on the orbit of the Earth 
around the Sun. This helped to establish the idea 
of ayear, andso began the Christian calendar. 

This was not followed in all societies though, 
and both the Islamic and Jewish calendars are still 
based on the movement of the Moon, while the 
ancient Mayan calendar had 18 months of 20 days 
and one month of five days. The Julian Calendar 
was later replaced in the UK when the 1750 
Calendar Act introduced the more accurate 
Gregorian calendar. 


“The French tried 
to create a ten-hour 
day with 100-minute 
-long hours in the 
late 18th century...” 
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Plato’s 


alarm clock 


The first ever alarm 
clock was reportedly 


invented by the famous 


Greek philosopher 


1. Beginning 

the process 

The mechanism starts 
with a set amount of water 
being added to the top jar, 
which trickles down 
through the system. 


2. Reaching a 

set level 

Once the water reaches a 
certain level it is siphoned 
off into the third jar. 


3. Sounding 

the alarm 

The quick influx of water 
pushes air into the third 
container that - through a 
narrow opening - sounds a 
whistle as a wake up call. 


4. Excess water 

The bottom jar collects any 
surplus water, which can 
be re-used for the next 
wake up call. 








T-shaped sundial 


The advanced sundial created by the 
ancient Egyptians to judge the passing 
of time more accurately 











Counting the hours 
The T-shaped sundial uses 
markings to divide the day 
into hours, but cannot adjust 
for seasonal changes. 


Water clocks 


The first ever water clock was found in an 
lated (=lalim sXen'4 ©) to] am e)at-]e-lelaWcmne)anlol-lale mis 
believed to originate from 1,500 BCE. The 
clocks were either cylindrical or bowl- 
shaped clay containers that worked by 
measuring water levels. Two designs 
existed: an inflow model which measured 
how much water had filtered out, and an 
lui aa (oN sam nalete (=) muat-lmmor-] (el0lt-1=vem ale) manlecoin) 
water remained. 

Measurements of hours were marked on 
the containers. If it took one hour for the 
water level to drop by a centimetre, then if 
it dropped by two centimetres, two hours 
had passed, and so on. The downside was 
1 ave] Ma daTe\VAcerel el (ela Mmmntie)a ql la mexe) (0 mexe)alelidie)alcy 
as the water would freeze, and they 
needed supervision, as a constant flow of 
water was required. 


r alt, 


The ancient Greek Tower of the Winds used 
ole) dale Mie [ale f=] i] alemts Ii so1K=) ened (elel @rer-]|(=te mrs) 
clepsydra to track the time 
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Mechanical clocks 


How clockwork became widespread and 


helped change society 


1. Ticktock 
The first mechanical clocks only had 


one hand but they were much more 
reliable than previous models. The 
escapement system they used was 
possibly invented in China in 1275. 
The basic process used springs or 
weights to work a toothed wheel. 
However, it could go up to five 
minutes out of sync per day, and was 
replaced by the pendulum clock. 
Pendulum clocks were first 
developed by Christiaan Huygens, 
who was inspired by Galileo's 
discovery that a pendulum swings at 
a particular rate depending onits 
length, making each complete swing 
in roughly thesame period oftime. 
One of the greatest achievements 
of mechanical clocks was giving the 
concept of time to almost all sections 
of society, not just a select few. Clock 
faces had appeared in the towers of 
churches and cathedrals all over 
Europe by the 14th century, and 
people could now set proper meal 
times, bed times and working hours. 


one second. 


3. Weight 


clock running. 


into kinetic and 


back and forth. This ensures that a 
constant motion is maintained. 


Pocket watches =. 
and wristwatches -“. 


The escapement system alternates 
with the swing of the pendulum. The 
horizontal verge and vertical verge 
work like a seesaw. 


2. Counting seconds 

A notched wheel turns the gear, which 
in turn moves the hands at a constant 
rate. Each ticktock sound represents 


A weight powers the mechanism. As it 
drops, it pulls the second hand around 
the clock face. These must regularly be 
raised manually in order to keep the 


4. Pendulum 
The pendulum manages the rate of the 
mechanical clock, based on its regular 
swinging motion. 


5. Energy conversion 
The pendulum converts potential energy 


6. Complementing mechanism 
The escapement helps the pendulum work 
too. The mechanism helps maintain the 
pendulum swing so it’s not slowed down 
by friction or air resistance. 


“Mechanical 


society 


back again as it swings 


clocks brought 
the concept of 
time to almost 
gil sections of 







The first clocks that could be carried around and used on the go 


As clockwork became more compact, spring 
mechanisms became small enough for portable 
clocks or watches. 

The first true pocket watch was invented by 
Peter Henlein in 1509, who devised a way to create 
a clock without the need for a pendulum or falling 
weights. The spring-loaded design was known as 
the Nuremberg Egg. It was very heavy but quickly 
became popular. 


PN colar l(omes (ered 


After the success of quartz clocks, it seemed like 
there wasn’t much more improvement to be made. 
Then came the atomic clock. First created in 1955, 
three major types have been made since: caesium, 
ayycelqete(=lam-lavemaele)(elielaap 

aM at=manvele(=\aame(-vilalid(e)ame)m-mcvs\ere) ale [om of-s-\-1e me)amnal= 
(ore {=>} 6] an ir=1 ke) an (ome: (oles .@m ol (=(oad ge) alow] ce)0/alem-m alelei(=l0hs 
orbit at set energy levels, but when they absorb or 
release energy they can ‘jump’ up or down to the next 
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The next major advancement came when 
Christiaan Huygens tweaked the design so it now 
included a minute hand. More wheels within the 
watch were also added, meaning it had to be 
wound less frequently. 

These improved pocket watches fast became 
essential as conductors used them to help the 
trains run on time and army generals used them to 
synchronise orders and missions. 


energy level respectively. Lasers are used to make a 
caesium atom’s electrons move between specific 
energy levels, so the radiation they emit will always 


be the same frequency, which can then be measured. 


The results are incredibly precise: the best types 
are predicted to lose one second in over 50 million 
years. Atomic clocks form the basis for GPS tech, 
is} of (e=M an liso) eam are hv lereia(elalrc]acemualsmcy aalelalae)alist-e lea mei 
the internet. 


Wristwatches were invented in 1868 by Swiss 
company Patek Philippe. They were initially only 
popular with noblewomen, as men preferred to 
carry pocket watches, but this all changed in 
World War. 

Soldiers now wore wristwatches to help time 
artillery barrages and infantry rushes. The 
masculine image of the troops wearing watches 
soon caught on at home. 








When Ferdinand Magellan sailed around the world in 152e, his ship had 18 hourglasses to help keep time 


Quartz clocks 


How tiny crystals helped make watches 
and clocks more accurate 


Perhaps the biggest jump in 
timekeeping technology cameinthe 
second half of the 20th century with 
the advent of quartz clocks. 

Quartz crystals have piezoelectric 
properties, meaning they can 
generate an electric current when 
pressurised and will also vibrate 
when an electric current is passed 
through it. These properties were 
exploited to create quartz clocks 
and watches. 

First built in 1927 by Warren 
Marrison and J W Horton of Bell 
Telephone Laboratories in New 
Jersey, US, the quartz clock was 
operated by a battery feeding a 


crystal with electricity, which then 
moved a standard clock face or 
powered a digital LED display. These 
new clocks didn’t need winding and 
didn't rely on gravity in order for 
them to work properly. 

The signal emitted by the crystal 
oscillator was set at a very precise 
frequency, meaning quartz clocks 
quickly proved to be at least an order 
of magnitude more accurate than 
their mechanical predecessors. 

Extremely energy efficient and 
very reliable, the use of quartz 
crystals was a turning pointin the 
evolution of clockwork. They are now 
the world’s most widely used clocks. 





Meet the people who devised the timekeeping 


devices we now take for granted 





1480-1542 


Henlein designed the first 
watch. His portable brass 
devices become so popular he 
was asked to design a clock 
face for a German castle. 
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1629-1695 
The Dutch scientist patented 


the first pendulum clock in 
1656, based on the theory of 
pendulum motion that was 
first discovered by Galileo. 


1772-1852 





Terry set up a clock making 
business in his home state of 
Connecticut, US. His firm 
helped mass-produce wooden 
shelf clocks for US citizens. 


Battery 

The crystal is How the vibrations of a crystal help power 
wired : the the majority of modern clocks and watches 
circuit by 


electrodes and 

the battery sends -, ea a OT pig ea 
a current to saad : 
power the clock 
or watch. 


Circuit board 

= ‘ The device is spilt up 

Bo* “into two mini circuits: 

; one to provide the 
quartz with electricity, 
the other to regulate the 

> output voltage. 


1 
Quartz 
oscillator 


The quartz 
resonates 32,/68 
times every 

™) second and is 
even more 
accurate than past 
pendulums and 
balance wheels. 
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Gears 
Gears turn all three 
hands, but on digital 
watches a microchip is 
used to neatly divide up 
the oscillations into 
precise hours, minutes 
and seconds. 


Regulating the clock 
The motor uses electric 
pulses created by the 
microprocessor to drive the 
gears that work the hands. 


Microprocessor 
Each circuit has a 
processor that reduces 
the quartz oscillation to 
one vibration every 
second, which is 
sounded in every ‘tick’. 


Local time established 
by angle of the Sun 


Localtime at _ 
reference location 









Ship’s chronor 
synchronised 





: ae local time at 
Local time Bok reference location 
during journey i 
oi ~ 
~ 
S te 
1 hour = 15° of longitude 

Ship’s 
chronometer 


during journey 


i ‘ a 

! ree ay - 
ar te ose 
= >? 


1908-1997 

Essen was a talented physicist 
who helped create some of 
the world’s first atomic clocks 
and develop the idea of a 
standard second. 
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‘( HtsToRY 
The Blitz 








The devastating eight-month long bombing campaign 
that pushed Britain to breaking point in World War II 


Hitler declared that in retaliation against the 

British he would “erase their cities from the 
Earth.” The Fuhrer believed that a devastating 
bombing campaign concentrated on cities would 
break the morale of the British people. 

The Blitz began on 7 September 1940 as over 250 
Luftwaffe aircraft dropped over 300 tons of bombs 
overnight on the capital. London would be 
bombed for the next 57 nights. 

The British anti-aircraft guns didn’t have the 
firepower to respond effectively and the attacks 
continued as cities like Coventry, Liverpool, 
Birmingham and Glasgow were also targeted. 
Approximately 150,000 people sought refuge in the 
London Underground every night while others 


The Blitz In 
numbers 


September 1940 
-May 1941 


OoQ0 


INJURED DEAD HOMELESS 


q ollowing RAF bombing runs on Berlin, Adolf 





EXPLOSIVES DROPPED 
ON CITY OF COVENTRY 


KEY: Tons of high explosives 





Belfast 


took cover in corrugated iron Anderson shelters or 
simply hid under the stairs during the raids. 

The Luftwaffe’s Knickebein system used radio 
beams to accurately bomb targets. This later 
evolved into a four-beam system that hada 
clockwork timer for when to release the payload 
and cause maximum damage. The devastation 
continued until the spring of1941, when on 10 May 
the biggest raid of the entire Blitz killed 1,436 
civilians in one night. 

Despite this, it became clear that the British 
could not be broken, even in the face of such heavy 
losses. As Hitler turned his attention east toan 
invasion of the Soviet Union, the bombing 
subsided. It was only in1944, in the form of Viand 
V2 rockets, that the attacks would return. 


ue 
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LE HISTORY 


Comb 


| 
Longer teeth create a lower note 
while shorter teeth result in a 


How these immaculately 


designed mechanical instruments 
create distinctive melodies 


uring the 19th century, a 

popular method of listening to 

contemporary tunes was with 
a music box. First designed in 
Switzerland, the sounds are created 
by acylindrical drum covered in tiny, 
specifically placed pins, anda metal 
comb. The comb’s prongs are different 
lengths to produce a range of notes, so 
as the drum rotates, its pins brush 
against the prongs to producea 
predetermined melody. 

The mechanism is powered bya 
spring unfolding in the same waya 
mechanical clock works. More 
complex versions with two drums 
were later invented to play harmonies, 
and the drum itself was later replaced 
with a disc. Music boxes were fixed 
into jewellery boxes, toys and 
furniture, but their popularity waned 
in the early 2oth century with the 
invention of phonographs and radio. 


higher note. The teeth are 
weighted at the end to enhance 
the resonant frequency. 


a 


|_| 
Music box om 
en Small projections, or pins, are ; 
mech anics arranged in a sequence to Gear train 
pluck the teeth of the comb as A series of intersecting gears 
The inner workings of the drum rotates. Each drum is transfer the motion from the 
this novel invention made to play a specific tune. unwinding spring to the drum. 


hineas Gage was having just 

another day at work in 1848 when 

his life changed forever. The 
railway worker from Vermont, US was 
setting explosives when the iron rod he 
used to tamp down charges scraped a 
rock. The resulting sparks set off the 
gunpowder prematurely and the 
metre-long pole launched upwards, 
puncturing Gage’s skull. It punctured his 
od aKer=y coms) ololma eu aelercdewabtses)cquller-baleme-balelcvel 
over 30 metres away. 

Gage was instantly blinded in his left 
eye, his optic nerve completely severed, 
but remarkably he still managed to ride 
into town after the incident. He went to 
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Phineas Gage 


WW eleXs) slolel ebeleasi(e)araelesBacsclkenellvbavanerclmercil else 
progress the study of neuroscience 






inform his local doctor, who performed 
surgery that closed the wound. 

Gage lived for 12 more years, but 
underwent a drastic personality change. 
The professional and polite man became 
reckless and rude. This was the first 
physical evidence that the brain is closely 
associated with behaviour and cognition. 

Recent X-rays and 3D computer 
modelling of the accident has confirmed 
that the rod impaled Gage’s frontal lobe, 
an area of the brain associated with 
reasoning, decision-making and social 
cognition. His case remains a pivotal 
paste) antcyelmeemaelcucinb Conyac) malcloe ceive lcye lec. bale! 
psychology and understanding the brain. 





Many music boxes were 
adorned with beautiful 
designs that moved in 
time with the music 


Speed regulation 
The speed of the spring 
unfurling is set by a 
piece of apparatus called 
a governor. Connected 
to the gear train, it uses 
air resistance to limit 
the rotation. 


~~ 


Spring 

A spring is placed inside 
the mechanism and 
wound using a key. It 
then unwinds to power 
the music box. 


(Crele(smm o)(oru| atom al-)a-marellel late) 
1daom i qelamaelemuar-lmialielacvemalian 
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The very first 
roller skating 
fol-Yaneyarciag-lacela 
ended in disaster 


MEET THE 
EXPERTS 


Who's answering your 
questions this monthe 


Laura Mears 


Laura studied 
biomedical science 
at King’s College 
London and hasa 
master’s from 
Cambridge. She 
escaped the lab to pursue a career 
in science communication and also 
develops educational video games. 


Alexandra Cheung 


Having earned 
degrees from the 
University of 
Nottingham and 
Imperial College 
London, Alex has 
aoned at many prestigious 


il 
institutions inctudingcERN, |= WV invented roller skates? 















Institute of Physics. ; 

4 Joe McKinley having had very little practice, he soon struggled to 

‘TomLean (assis Lean The first recorded use of roller skates was in the control his speed and direction and ended up crashing 

§ Tom isa historian of 1760s, when Belgian-born John Joseph Merlin decided into alarge mirror, suffering some serious injuries in 

science at the British to demonstrate his new invention at a fancy the process. Perhaps it’s no surprise that Merlin 
Library where he masquerade party in London. After donning hisinline decided notto patent his creation. The first two-by-two 
works on oral history ; ; ' ; 
projects. He recently skates with small metal wheels, he proceeded to glide § skates were invented by American James L Plimptonin 
published his first around the room while playing the violin. However, 1863, and proved much easier to steer. JS 


book, Electronic Dreams: How 


1980s Britain Learned To Love The Who invented the crash 





Home Computer. t t d 
sdoetrac ee eae etcetera aniatmoiens es ummy ? 
Sarah Bankes 
Sarah is the editor Jeremy May 
of Photoshop Potentially millions of lives have been 
Creative, has a saved on the world’s roads thanks to 
degree in English a 
and has beena physicist Samuel Alderson, the inventor of 
writer and editor for the crash test dummy. In 1949 he received a 
more than a decade. 
contract to design a human-like dummy for 
Fascinated by the world in which oI y 
we live, she enjoys writing about testing aircraft ejection seats, leading to the 
anything from science and creation of ‘Sierra Sam’. His invention soon 
technology to history and nature. attracted the attention of the automotive 


industry, as at the time the number of traffic 


fatalities was starting to rise and the use of 








Having been a writer Ae 
and editor fora cadavers as test dummies was producing 
number of years, unreliable results. Alderson later produced Ni Ss 
How It Works VIP, adummy designed specifically for \ Vos 
alumnus Jo has ; ; Crash test 
‘cleadiio plenty or testing cars. It had the same weight “a Se 
pic pp y ok . (olla alaali=xsmasy ©) F<lexzve| a ~~. 
fascinating facts. distribution as the average male, and Be vcrs fomembing: wo. 
She is particularly interested in featured a steel rib cage, articulated joints the effects of 
natural world wonders, almileaal | vehicle collisions 
innovations in technology and and a tlexible neck. JS . 
adorable animals. 
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The first film shown at the 
Regent Street Cinema was made 
by the Lumiere brothers 





A WORLD OF 
INFORMATION 


RMS QUEEN f3 
ELIZABETH 2 k--: 
ee Workshop Manual 


Where was the first cinema? 

Lars Whittaker asa lecture hall on Regent Street, London 

m@ Althoughsome sources claim that l’Eden in1848. It showed the UK’s first screening 
Theatre in France holdsthetitle, nooneknows  ofmoving footagein1896. The world’s first 

for sure where the first cinema in the world cinema exclusively devoted to showing motion 
was. However, the UK’s first cinema was the pictures was the Nickelodeon, which opened 


Regent Street Cinema, which first opened in 1905 in Pittsburgh, in the US. SB Miviim=iale an 


DEATH STAR i 


What do the pedals a Manual 
on a piano do? a 


Gemma Reed 





M™) When you press a piano key, a hammer 
inside hits the corresponding strings, justasa 
device called a damper is lifted. This enables 
the strings to vibrate, producing a sound 
before the key is released and the damper 

- , , VICKERS/BAC 
returns to its position, stopping the vibration. VC1 0 ms 
Pressing the piano’s right-hand pedal keeps blir rericrenaaaee rs 
the damper off the strings, even after the key’s Owners’ Workshop Manual 
released, allowing the vibration to continue | 
and the note to resonate. The middle pedal, 
called the sostenuto pedal, has a similar 
purpose, but only lifts the damper off the 
strings you've hit, enabling the effect to be 
. controlled. Finally, the left-hand una corda 
Piano pedals 1 pedalis used fora softer sound. Most treble 


can control the : . keys ofa piano are attached to three strings, 
igss-te)al-]alex=w ale! 


coffnesete notes oe but this pedal will cause the hammer to only Rove S 79 Ze 


What Is the ‘hot 
tub of despair’? 


Eugene Peters 

@ The ‘hot tub of despair’ is an underwater brine lake on 
the ocean basin, a kilometre below the surface of the Gulf 
of Mexico. The brine lake formed via a process known as 
salt tectonics, which is the dissolution of large salt ; WAITING TO BE 


deposits. As such, water in the lake is extremely salty, and D | S C OV [= [= D 


much denser than the surrounding water. Due to high 


STAR.WARS 2. 7s"== 





187 T onwards (al neocele) 


Owners’ Workshop Manual 











salinity raising the density of the brine, it also hasa ~ 

distinct surface and shoreline. It is named the ‘hot tub of q CABS, 

despair’ because the salty water and dissolved methane " Haynes i aynes 
are toxic, killing anything that enters it. SB e.| See shows you how 
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The number of bees is — 
decreasing, but a lot can be 
done to reverse this 





Are bees really dying out? 


Daisy Westlake increase in insecticides and pesticides, many of which 
According to the Bumblebee Conservation Trust, have been killing off honeybees at an alarming rate. As 

bumblebees are in declineinthe UKduetochangesin themain pollinator of many major fruit crops, the loss 

agricultural practices that have resulted in fewer of native bees has impacted - and will continue to 

wildflowers and therefore reduced food sources for impact - humans and animals all over the world. 

bees. Furthermore, scientists have reported that Planting certain flowers and using fewer commercial 

commercial agriculture across the globe has led to an sprays in our gardens can help the situation. SB 
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How will delivery drone 
navigate to my house 


Caroline Ball where it is, and correct its course ifwind or 

_ Delivery drones will probably use a variety of obstacles divert it. Sensors - perhaps using laser 
technologies to automatically guide them to your beams or sound waves to detect objects - will help 
home. Much like a car driver using a sat nav, the the drone to avoid obstacles - like buildings or 
drone will be programmedto flyalonga flight path | otherdrones- during its flight and monitor its 
calculated by a computer, using signalsfrom global altitude, until finally it lands safely at your home 
positioning system (GPS) satellites to keep track of by auto-pilot. TL 
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IRITISH rE IMPIRE | 


What was the biggest 
empire in history? 


Gordon Stephenson 


m Among the hundreds of empires that have existed on Earth, deciding 
what even constitutes a formal empire is a controversial subject. 
However, when studying maximum land area and the percentage of 
world land area, the British Empire was by far the biggest empire in 
history. At its peak in the early 20th century, the British Empire had 
control over more than 35 million square kilometres of land area, 
equating to almost a quarter of the total land area of the Earth. Asa result, 
British influences can be seen all over the globe, even today. SB 


How much power does 
a USB provide for plug- 
In gadgets? 

Nick Walker 

™ Different types of USB provide different 
amounts of power. USB 2.0 ports on computers 
provide up to 2.5 watts of electrical power, or 4.5 
watts for the newer USB 3.0 ports. USB wall 
chargers of the sort used with mobile phones or 
tablets normally provide more power than 
computer ports - perhaps 10.5 watts — leading to 
faster charging times. To put this into 
perspective, that’s an awful lot less power than 
the 3,000 watts that standard three-pin electrical 
mains plugs can provide, but most of the 
electronic gadgets that use USB power require 
far less power than kettles or washing machines, 
for example. TL 


Unlike most other 
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How does the 
Asimo robot 
manage to walk? 


Tom Cook 

®@ It’sremarkably difficult to geta 
robot to walk like a human, but 
Honda’s Asimo does so better than 
most. The computer controlling 
Asimo is linked to sensors allowing 
itto detect and react to the world 
around it, and also monitorits 
balance and acceleration. The 
computer also controls the 
servomotors that drive Asimo’s 
movements. When the robot walks 
it doesn’t just move its legs: the 


The British Empire 
ruled over around 
500 million people 
on Earth at one time 


to move other parts of its body, 
allowing it to shift its weight. TL 


Moisturisers can 
make the skin appear 
temporarily smoother 


technology inside all works together 


BRAIN DUMP 
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walk, run and 

—, even use stairs 
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What do anti- 
wrinkle creams do? 


Emma Fraser 
® Most anti-wrinkle creams haven't been 


subjected to rigorous testing, so it can be 
tricky to determine whether they actually 
decrease wrinkles. Many work by reducing 
the appearance of lines, as opposed to 
physically improving the skin. The 
simplest way they do this is by adding 
moisture, plumping and smoothing the 


fall into the’S 


Talat Wwevalmelale)’s 





skin. However, this is true of any 
moisturiser, and the effect is only 
temporary. Some contain retinoic acid, 
which according to some studies can help 
repair damaged skin if given ata 
prescription-strength dose. LM 


ii planets were stationary, 
suld fall straight into 
alcatel ol-Moro)alsUlaaicre 


The planets are continually falling Seards the sin, i 
but they are also moving sideways relative to it and the 


motion prevents them from falling into it. The Sun’s 


gravity pulls planets towards it. However, the planeta are oy re 
travelling at speeds between five and 48 kilometres per | 
second, with those closest to the Sun travelling fastest. 

Their sideways motion (angular momentum) means they 

fall ‘around’ the Sun, creating an orbit. If they travelled 

much faster they would escape from their orbits, and if 


they were slower they would crash into the Sun. AC 
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What are gravitons? 


Emma Shaw 

Agraviton is a hypothetical particle that is believed to carry the force of 
gravity, inthe same way that photons transmit electromagnetism. Gravitons 
have never been observed, but scientists predict that they would be tiny, 
massless particles since the range of gravity is infinite. Although gravitons’ 
distinctive properties would make them easy to recognise in theory, their 
interactions with other particles are incredibly weak, making it extremely 
difficult to detect their presence. Some speculate that the Large Hadron 
Collider might be able to confirm the existence of gravitons by detecting the 
imbalance in momentum and energy that they would leave behind aftera 
particle collision. AC 
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Why do we have allergies? 


John Evans 

Scientists are unsure about why we experience allergies, but a leading 
theory, known as the hygiene hypothesis, proposes that reduced exposure 
to parasites and microbes may cause our immune systems to overreact, 
attacking harmless targets such as dust or pollen. The immune system’s 
function is to recognise foreign organisms that enter our bodies and 
eliminate them by attacking them. Over the course of human evolution, 
our bodies have tackled a constant onslaught from parasitic worms, and 
are primed to detect and respond to proteins associated with these worms. 
But in the sanitised environments of the developed world, so the 
hypothesis goes, a lack of parasites leaves our immune systems under 
stimulated. In some cases they may become oversensitive and react to 
environmental proteins similar to those associated with parasites. In 
trying to expel these harmless invaders, the body produces the runny 
nose, inflammation and other symptoms familiar to allergy sufferers. AC 





Tennis elbow 


sectstheruscles_ Can red and blue light treat pimples? 


lave mmsyalelelalswe)a| 
Isla Edwards 


Laser treatment can be used to treat various 
skin conditions, but it’s expensive and requires 
training and expertise to deliver. Red and blue 
lights are one option being explored. According 
to the American Academy of Dermatology, blue 


the outer part of 
the arm 





— — light with wavelengths between 405-420 
nal _nanometres can help to treat acne by killing 
- : | bacteria. Red light from 600-950 nanometres is 
Coldiifed ifgntserebeing also being investigated in the hope it can trigger 
investigated for their acne- skin cells’ energy factories (mitochondria), but 
fighting abilities it’s unknown how effective this might be. LM 





What ts tennis elbow? 


Catrina Lewis 
It's an injury to the outer part ofthe elbow, | 
affecting the muscles and tendons that connect A a ne can actas a 
. ok ot Faraday cage, protecting 
the elbow to the wrist. Tennis isn’t the only cause, Dassengers frommnantnnd 
other activities can also cause this strain. LM 
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Can shouting 
really make 
glass shatter? 


Oscar Schultz 
™ Intheory, yes. Everything hasa 
resonant frequency - the speed that it 
| naturally vibrates if knocked. For wine 
glasses, this frequency is within the 
human vocal range, so ifa singer - or 
shouter - creates the same note, the sound 
waves produced by their voice can set the 
glass vibrating. This doesn’t mean that the 
glass will break though. For it to shatter, 
there need to be microscopic 
) imperfections in the surface of the glass 
H ow can ee Meh Be = that will crumble under the strain ofthe 
vibrations. The louder the sound is, the 


technology to its limits 


ast rona uts travel ENGEL une glass vibrates, and the more 
safely to Mars? : likely it is to buckle. LM 


Michaela Nichols 
® Travelling to Mars and back will bombard 
astronauts with an estimated 662 (plus or 
minus 108) millisieverts (mSv) of radiation. 

= That’s not enough to cause radiation sickness, 
S| butitismore radiation than 6,000 chest 

= X-rays, and close to the1,ooomSv limit set by 

i the European Space Agency for an astronaut’s 
= entire career. Most of the radiation will bein 

~ the form of galactic cosmic rays, but there are 
two possible options to minimise their 
impact. The first is to build spacecraft with 
thicker walls to interrupt the rays, but this 
could make them too expensive to launch. An 
alternative is developing better shielding 
materials. NASA is investigating nanotubules 
coated in hydrogen, which are particularly 
good at blocking cosmic rays. LM 




















The human voice can resonate glass, stressing its 
structure and potentially causing it to break 









Roman hypocaust 
central heating 
worked by heating 
the floor using hot 
air from a fire 


How did Roman central a 
heating work? Furnace 


ne A roaring furnace 
avin Cooper beneath the floor 


m@ Abit like modern heating systems, the Romans used delivered a constant 
a sort of underfloor central heating, called a hypocaust. supply of heat. 
The tiled floors of villas and public baths were built on 

pillars, creating space under the floor for air to circulate. 

This space was heated by hot air from a blazing furnace 

run by slaves. The hot air warmed the floors from 

underneath and the floors warmed the building. TL 
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Baked bricks 
Hollow sections in 
the walls allowed 
the heat to flow 
upwards through 
the building. 
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Elon Musk & 








A Fantastic 


Future - Young 





7 
Readers 
Edition 
SpaceX - the final frontier 
Author: Ashlee Vance 
Publisher: Virgin Books 


Price: £5.69 / $6.99 
Release date: Out now 





t’s asad fact that Tony Stark - aka Iron Man - 

doesn’t exist in real life. If he did though, 

then the chances are that he might be a bit 
like Elon Musk. 

Aside from being one of the inspirations for 
Robert Downey Jr’s portrayal of the billionaire 
playboy philanthropist, Musk has plenty more 
strings to his bow. The founder of PayPal, 
SpaceX, Tesla Motors and more, he follows in 
the tradition of the likes of Bill Gates and Steve 
Jobs in that he has become synonymous with 
creative endeavour anda high capacity for grey 
matter. Here, his story has been compressed for 
younger readers by biographer Ashlee Vance, 
who does a succinct job of deconstructing the 
rock-star entrepreneur. 

From his youth in Pretoria, South Africa and 
early dalliances with coding, to his move to the 
US and the establishment of Zip2 and PayPal, a 
narrative of aman driven by vision and 
powered by unswerving commitment to his 
cause is laid out. 

Even more amazingly, in retrospect it seems 
as if PayPal and revolutionising the way we pay 
for things online is just a warm-up for what is to 
come. Vance seems almost at pains to 
underline the messiah complex that sustains 
Musk’s outlook: he wants to aid the survival of 
the human race by making interplanetary 
travel possible. SpaceX is contracted by NASA to 
supply the International Space Station, and 
wants to set up a colony on Mars. This vision 
drives Musk, and he is uncompromising with 
any who don’t measure up to his standards. 

This book is besotted with Musk the genius, 
and while there are critiques to be had, 
generally the less appealing aspects of his 
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The Quest For 


character are deemed a necessary by-product of 
his methodology. While it remains the case that 
the majority of the general public are yet to 
experience first-hand the fruits of Musk’s 
greatest achievements, this book generally 





does a decent job of telling you why you should 
pay him further attention. That it does so in 
such an accessible manner is what makes this 
title all the more remarkable. 


WWW.HOWITWORKSDAILY.COM 


Why It’s Not All 
Rocket Science 


Ashort history of nearly 
everything we know 


Author: Robert Cave 
Publisher: Thames & Hudson 
Price: £9.99 (approx. $12.50) 
Release date: Out now 





Some of the 

most 

momentous 

discoveries in 

history can 

trace their \1’S 
origins back to ALL. 
some pretty RAE J 
bizarre seers Tens 
experiments or . 
schools of ee: 
thought, a 


timeline that Robert Cave aims to map out 
in his latest book. 

From Archimedes’ ‘eureka’ moment to 
the Mars probes, we bear witness to some 
of the most memorable instances of 
innovation and wonder in history, backed 
up by illustrations and photos that help to 
set the scene. 

As wellas being an intriguing and 
insightful read, it serves as a sobering 
reminder of just how far we’ve come. Once 
we were electrocuting animal corpses. 
Now we're heading into the cold, dark 
reaches of space. 


Genius! The Most 
Astonishing Inventions wo. 


Of All Time 


A celebration of history’s 
ereatest innovations 


Author: Deborah Kespert 
Publisher: Thames & Hudson 
Price: £12.95 / $19.95 
Release date: Out now 


Starting with the wheel and finishing with 
a DNA test kit, there are inventions and 
inventors aplenty in this superb book, 
which is filled with bright and colourful 
imagery. Each invention is listed with its 
significance, applications and background. 
Some of the entries also have a ‘how to 
make’ section, so in no time readers will be 
constructing their own Archimedes’ Screw. 
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30-Second 
Physics 
Half-minute marvels 


Author: Brian Clegg (editor) 
Publisher: lvy Press 

Price: £14.99 (approx. $18.50) 
Release date: Out now 


The titular claim of being able to 
inform readers of key physics concepts 
in half a minute is a bold one, butisita 
realistic one? If you can read quickly, 
then yes. But flippancy aside, a lot has 
been achieved in this compendium. 

From essential terminology and 
theories to mini biographies of those 
who helped shape our collective 
knowledge of the subject matter, 
everything is presented ina clear and 
concise way that is suitable for both 
newcomers and those who are simply 
brushing up on their science. Definitely 
a worthy purchase for the family’s 
budding Isaac Newton. 


oNISH 
~ so5t A ior ALL ee 
nVENT 





Deborah Kespert has crafted a carefully 
selected and well researched rundown 
with heaps of information on offer. This 
lively release really captures the 
imagination behind each invention and 
makes you wonder what inventions will be 
in this book in 100 years time. 
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HOW TO... 





Practical projects to try at home 





Build a barometer 


Measure air pressure to create your own 
accurate weather forecasts 








"| 
Make a lid Attach a pointer Create a scale 
Take a deflated rubber balloon and cut off the Get a drinking straw and using a pair of Fold a piece of plain A4 card in half vertically. 
bottom third with a pair of scissors. Discard the scissors, cut one end ata 45-degreeanglesothatit | Standit behind the straw attached to your 
neck section and then stretch the top of the forms a point. Nowsecure the other end of the container and mark where the straw currently 


balloon over the top ofan empty container, such straw to the balloon lid of your container using a points with a pencil. Add more marks above and 
asa drinking glass or jar. Make sureitisstretched pieceofstickytape.Makesurethattheendofthe belowato.5-centimetre intervals, using aruler to 
flat with no dimples, thensecureitinplacewitha strawisdirectlyinthe middle ofthelidbeforeyou help you measure. A total of nine marks, with four 
rubber band so that it forms an airtight seal. stick it down securely. above and four below the original, will be fine. 


‘If the straw Is 
pointing towards the 
bottom marker, it's 
about to rain” 


In summary... 

A barometer measures air pressure to 
predict short-term changes in weather. 
Wet weather is often associated with low 
air pressure, which is caused by warm air 





expanding and rising. This causes the air 





Leave it to work Record the results molecules inside the jar to push outwards, 
Next to the top mark on your piece of card, Check your barometer regularly throughout the making the balloon dome and the straw 
eas the word sunshine or, ifyou prefer, drawa day, Segre you record ite TOE TAS the straw is reLeybatas Lonpennic¥cs ls WelRoyeyenersvitce Chaallse (0) 
picture of a Sun. Then, next to the bottom mark, pointing to on each occasion. If it’s pointing dry weather. 
write the word rain or drawa picture of some towards the top marker, this should mean that dry 
raindrops. Now place your piece of card back weather is on the way, but if it’s pointing towards 


behind the pointed straw thatisattachedtoyour thebottommarkerthenitshouldbeabouttostart _ Disclaimer: Neither Future Publishing nor its employees can accept liability 
container, leaving them bothinaplacewhereyou _ raining. Ifthe strawstaysin the centre then the PS ek hl re Ste SLUR GL le tl Ua 

; : j f j Always take care when handling potentially hazardous equipment or when 
know that they will not be disturbed in any Way. weatheris unlikely to change. working with electronics and follow the manufacturer’s instructions. 
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Make an air freshener 


Keep your house smelling lovely with 


some homemade scent science 


Make the gel mixture 

Boil some water ina kettle or pan, then pour 
150 millilitres of it into ameasuring jug. You may 
need to get an adult to help you with this. Next, 
place four sheets of gelatine into a bowl of cold 
water. When they've gone soft, squeeze them out 
and place them in the jug of boiling water. Usinga 
spoon, stir the mixture until the gelatine sheets 
have completely dissolved, then top up the jug 
with 150 millilitres of cold water. 


“Salt will stop mould 
growing on your 
gir freshener” 





Convenient 
charging 
With its compact 
size and weighing 
just 265 grams, 
the Adventurer is 
highly portable. 





Compatibility 

The Adventurer comes with a 
USB cable that can connect to 
a wide range of devices. 


Add a scent 

Add ten to 15 drops of an essential oil you like 
to the mixture in the jug. Next, choose which 
colour you want your air freshener to be. If you are 
happy for it to be clear, then leave it as itis. 
However, ifyou want to add colour, mixina few 
drops of food colouring until your happy with the 
shade. Stirin a tablespoon ofsalt, as this will stop 
any mould growing in your freshener, which 
could prevent the scent being released later. 


In summary... 








Leave to set 

Pour your mixture into some empty 
containers, such as glass jars, and leave them to 
set. To speed up the process, you could place them 
in the fridge. Once the gel mixture has hardened, 
your air fresheners are ready to place around the 
house. You could even decorate the containers 
with some ribbon or stickers. Over time the gel 
will slowly evaporate, releasing a continuous 
scent into the room. 


The gelatine in the air freshener is a polymer, which means it’s made up of long chains of 
molecules that weave together, trapping the essential oil particles inside. As the gel slowly 
evaporates, these trapped particles are freed, releasing their scent into the room. 













VIN: 


A SolarMonkey solar powered 
charger worth £84.99 


Never have the panic of low battery when you’re out and about 
again with this powerful and portable solar charger. At full 
capacity, the SolarMonkey Adventurer can recharge a smartphone 
from flat twice. Simply plug in the Adventurer to power up before 


heading off on your travels. 


What was the planet Mars named after? 
a) The Roman god of war 
b) The British chocolate bar 
c) US singer-songwriter Bruno Mars 


> Enter online at www.howitworksdaily.com and one lucky reader will win! 
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Speak your mind 


Letter of the Month 


®@ Dear HIW, 

| love your magazine. It is the only magazine | read 
from cover to cover and | am still interested when 
I've finished it. | wondered if | could contribute a 
question: what is the smallest thing known to 
man, and what is the highest magnification of the 
strongest microscope in the world? | would be 
very happy if you answered! 

William Hamer 


There are currently a few candidates for 
the smallest things in the universe, 
although more could be discovered as 
technology develops. 

Atoms were once thought to be the 








Get in touch 


Want to see your letters on this page? Send them to... 
 f How It Works magazine © @HowltWorksmag 
© howitworks@futurenet.com 





experiments managed to split these into 
even smaller particles called quarks, which 
are estimated to be less than 100 billion- 
billionths of a metre (1x10"*m) across. 
These particles are the smallest we know 
of so far, but it’s theorised that quarks may 
consist of smaller particles called preons. 
As for microscopes, traditional visible- 
light devices can see anything as small as 
200 nanometres (200 billionths of a 
metre). More powerful microscopes using 
single molecule imaging or X-rays can see 
down to 20 nanometres (2x10°m). The 
Scanning Transmission Electron 
Holography Microscope at the University of 


oe 


smallest building blocks, but in the 20th 


century scientists split them into 


electrons, protons and neutrons. Further 


What’s Bs sinalek on... 


Twitter? 


Make sure you follow us 
@HowltWorksmag for 

re] aate¥4]a\eMiele1acm exe) ga) elo1uiu(e)als) 
and the latest in science & tech! 


ey @kristawelz 

Take apart the #iPhone7 and see 
what’s inside. Very interesting photos 
ice)aa mC meV IANelaciaarcle 
#tmakerspace #makered #STEM 


FF @STEM_ben 
@HowltWorksmag well that’s tonight’s 
carlo [ale psve)atcien 


FS @JediDeepak 

NVI Yebs ©) {eyVAVi lave mexe)alt=iaim@ lane 
HowltWorksmag. @elonmusk has 
pumped lot of oxygen into the space 


= (Gilels\-Vedhcje\e, 
Taltelcessi ale ms] ad(e(oMe)amal-lare(e)2) s-(e)) 
HowltWorksmag 


ey @JJHislop 
A UlatsmuateMor-]m=lal(onyiare meal cmanealiaks 
edition of @HowltWorksmag 
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Victoria can focus to 35 picometres 
(35x10m). That’s 20 million-times smaller 
than what the naked eye can see! 
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The sound of 
your voice 


®@ Dear HIW, 

| love your magazine and | get it every 
month. My question is: why do other 
people hear my voice differently to how | 
hear it? | hope you have time to answer it. 
Thanks 

Zac Lovat 





When you hear something, sound 
waves travel through the air into 
your ear and vibrate your eardrum. 
The sound then enters the cochlea 


before being processed by the brain. 


This is how you hear your voice ona 
recording. When you hear your own 
voice as you speak, the sound 
travels by an additional path. As 
your vocal chords vibrate, the sound 


Black holes 
and light 


® Dear HIW, 

I've been told that light has no mass, but if 
that’s so, then why is light pulled towards 
black holes? Surely it is influenced by 
gravity, which means it must have mass? 
Nikolai, 15 





Isaac Newton believed that a 
gravitational force could only be 
produced between two objects with 
mass. So in his view, light shouldn’t 
be affected by a black hole. But 
Einstein’s work showed gravity ina 
strikingly different way. Einstein 
described gravity as a curvature of 
space-time: the more mass an 
object has, the more it warps the 
space around it. 

This means that light moving 
through the gravitational influence 
of a black hole is actually moving 


travels through bone and tissue 
before it makes its way to your ear. 
This enhances the lower 
frequency vibrations, making your 
voice sound deeper than it actually 


a recording, that is what you really 
sound like to other people! 





and bone-conducted vibrations 


through a warped region of space. 
The light isn’t ‘pulled’ by the force of 
the black hole directly, but is 
actually travelling through a region 


the centre of the black hole. 


Black holes are created when a massive 
star collapses in on itself 





-Making 
different sounds 


: li Dear HIW, 
is. When you hear your own voice on : Your mag goes from strength to strength. 
: Here’s ahard one! If | strike a wooden 

: block with a mallet, why does it make a 

: noise? Why do different materials make 

: different noises when struck? 

: Froma 7Oyrs+ subscriber with an 


: ever-questioning mind 


: When the mallet strikes the wooden 
: block, the kinetic energy from the 

: impact is transferred to the atoms in 
: the objects, causing them to vibrate, 
: which in turn can create sound we 

: can hear if the vibrations are at a 

: frequency that is audible to us. 

You hear your own voice as air-conducted : 
: sounds because their masses and 

: densities aren’t the same, which 

: affects how they vibrate. The 

: wooden block only makes a short 

: sound, whereas something like a bell 
: will continue to ring after it has been 
: : : struck. This is because the wooden 
of space-time that is curved towards block loses energy at a quicker rate 
: than the bell. 


ee - a 


Different materials make different 





A material’s composition and the force of 
: impact affect the noise it makes 
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Take on the role of a modern farmer! Explore a huge open world, including a 
new North American environment. Enjoy over 250 authentic vehicles and 
tools from over 75 brands such as Challenger, Fendt, Valtra or Massey Ferguson. 
Harvest crops, take care of your livestock, take part in forestry, transport your goods 
with truck, trailer and now trains - then sell your products to expand your farm. 
Grow your farm online with other players, and download community created 
mods for an ever-expanding gaming experience! 
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